Biological control of Sclerotinia stem rot of soybean with Sporidesmium sclerotivorum by del Rió Mendoza, Luis Enrique
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1999
Biological control of Sclerotinia stem rot of soybean
with Sporidesmium sclerotivorum
Luis Enrique del Rió Mendoza
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Agricultural Science Commons, Agriculture Commons, Agronomy and Crop
Sciences Commons, and the Plant Pathology Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
del Rió Mendoza, Luis Enrique, "Biological control of Sclerotinia stem rot of soybean with Sporidesmium sclerotivorum " (1999).
Retrospective Theses and Dissertations. 12658.
https://lib.dr.iastate.edu/rtd/12658
INFORMATION TO USERS 
This manuscript has been reproduced from the microfilm master. UMI films the 
text directly from the original or copy submitted. Thus, some thesis and 
dissertation copies are in typewriter face, while others may be from any type of 
computer printer. 
The quality of this reproduction is dependent upon the quality of the copy 
submitted. Broken or indistinct print, colored or poor quality illustrations and 
photographs, print bleedthrough, substandard margins, and improper alignment 
can adversely affect reproduction. 
In the unlikely event that the author did not send UMI a complete manuscript and 
there are missing pages, these will be noted. Also, if unauthorized copyright 
material had to be removed, a note will indicate the deletion. 
Oversize materials (e.g., maps, drawings, charts) are reproduced by sectioning 
the original, beginning at the upper left-hand comer and continuing from left to 
right in equal sections with small overiaps. Each original is also photographed in 
one exposure and is included in reduced form at the back of the book. 
Photographs included in the original manuscript have been reproduced 
xerographically in this copy. Higher quality 6" x 9" black and white photographic 
prints are available for any photographs or illustrations appearing in this copy for 
an additional charge. Contact UMI directly to order. 
Bell & Howell Information and Learning 
300 North Zeeb Road, Ann Arbor, Ml 48106-1346 USA 
800-521-0600 

Biological control of Sclerotinia stem rot of soybean with Sporidesmium 
scierotivorum 
by 
Luis Enrique del Rio Mendoza 
A dissertation submitted to the graduate faculty 
in partial fulfillment of the requirements for the degree of 
DOCTOR OF PHILOSOPHY 
Major; Plant Pathology 
Major Professor: Charlie A. Martinson 
Iowa State University 
Ames, Iowa 
1999 
UMI Number: 9940195 
UMI Microronn 9940195 
Copyright 1999, by UMI Company. All rights reserved. 
This microform edition is protected against unauthorized 
copying under Title 17, United States Code. 
UMI 
300 North Zeeb Road 
Ann Arbor, MI 48103 
11 
Graduate College 
Iowa State University-
This is to certify that the Doctoral dissertation of 
Luis Enrique del Rio Mendoza 
has met the dissertation requirements of 
Iowa State University 
Major Professor 
For the Major Program 
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
iii 
To my wife Lilian, and our children Juan Francisco. Luis Enrique and Lilian Alinda. You 
are my inspiration. 
And to my parents Juan Antonio del Rio and Alinda Mendoza de del Rio who worked hard 
to provide a college education. 
iv 
TABLE OF CONTENTS 
ABSTRACT vii 
CHAPTER I. INTRODUCTION 1 
A. Soybean production I 
B. Sclerotinia stem rot 1 
C. Biological control of S. sclerotiorum 2 
D. Research rationale 3 
E. Research objectives 5 
F. Dissertation organization 5 
G. Literature cited 6 
CHAPTER II. LITERATURE REVIEW 10 
A. Sclerotinia sclerotiorum 10 
1. Life cycle 10 
a. Sclerotial phase 10 
i. Sclerotium formation and composition 12 
ii. Distribution and survival in soil 13 
b. Apothecium formation and ascospore dispersal 14 
c. Plant tissue colonization 15 
2. Control 16 
a. Chemical 16 
b. Genetic 16 
c. Cultural practices 17 
B. Biological control 18 
1. Competition 19 
2. Amensalism 20 
3. Parasitism 21 
a. Necrotrophic mycoparasites 22 
b. Biotrophic mycoparasites 23 
i. Intracellular mycoparasites 23 
ii. Contact mycoparasites 23 
iii. Haustorial mycoparasites 24 
4. Biocontrol of Sclerotinia sclerotiorum 25 
a. Sporidesmium as a biocontrol agent 26 
b. Strategies for biocontrol 32 
C. Literature cited 33 
CHAPTER III. CHARACTERIZATION OF MYCOFLORA PARASITIC 
TO SCLEROTIA OF SCLEROTINIA SCLEROTIORUM IN IOWA 48 
A. Abstract 48 
B. Introduction 48 
V 
C. Materials and Methods 50 
Bait production 50 
Sample incubation and retrieval of antagonists 51 
Pathogenicity tests 51 
D. Results 52 
Antagonists retrieved 52 
Pathogenicity tests 56 
E. Discussion 57 
F. Literature Cited 61 
CHAPTER IV. EFFECT OF pH, TEMPERATURE, AND 02:C02 
CONCENTRATION ON GERMINATION OF MACROCONIDIA OF 
SPORIDESMfUMSCLEROTIVORUM 79 
A. Abstract 79 
B. Introduction 79 
C. Materials and Methods 81 
Macroconidia and sclerotia production 81 
pH and temperature experiment 82 
pH and 02:C02 experiment 83 
D. Results 84 
pH and temperature experiment 84 
pH and 02:C02 experiment 85 
E. Discussion 86 
F. Literature Cited 88 
CHAPTER V. CONTROL OF SCLEROTINIA STEM ROT OF SOYBEAN 
WITH SPORIDESMIUM SCLEROTIVORUM 97 
A. Abstract 97 
B. Introduction 98 
C. Materials and Methods 99 
Factorial experiments 99 
Plot preparation 99 
Treatments and experimental design 100 
Inoculum production and soil infestation 101 
Plot management 101 
Assessment of Sclerotinia activity 102 
Detection of Sporidesmium in soil 103 
Macroplot experiments 104 
D. Results 105 
Factorial experiments 105 
Sclerotinia activity 105 
Apothecia production 106 
Spor/ffejw/MOT activity in soil 109 
Macroplot experiments 110 
E. Discussion 111 
vi 
F. Literature Cited 116 
CHAPTER VL CONCLUSIONS. 127 
ACKNOWLEDGEMENTS 129 
vii 
ABSTRACT 
A single soil infestation with 2 and 20 macroconidia/cm^ of soil of the mycoparasite 
Sporidesmium sclerotivorum was conducted in the fall of 1995 or the spring of! 996 at three 
Iowa locations. Soil infestation with the mycoparasite resulted in 50 to 60% reductions (P< 
0.05) of Sclerotinia stem rot (SSR) of soybean in one location in 1996, and two locations in 
1998. SSR was completely suppressed in a third location in 1998. In some instances the 2 
spores/cm" infestation rate provided disease control equal to the higher rate. S. sclerotivorum 
was retrieved from all infested plots using sclerotia of S. sclerotiorum as bait, two years after 
infestation, and from all control plots in the location where SSR was suppressed. Infestation 
of 5. sclerotivorum into 100 m" macroplots in commercial fields provided from 50 to 100% 
control of SSR two years later. Optimum conditions for germination of S. sclerotivorum 
macroconidia in the presence of sclerotia of S. sclerotiorum are pH from 5.0 to 6.5. 
temperatures from 20 to 30°C, CO2 concentrations of 1% (v/v) or lower and O2 
concentrations 1% or higher. Almost no germination occurred when spores were incubated 
at 10 or 35"C. CO2 concentrations of 3 to 6% (v/v) reduced germination by half (P< 0.05). 
Baiting of 810 soil samples from 55 Iowa counties with sclerotia of Sclerotinia sclerotiorum 
resulted in the identification of Sporidesmium sclerotivorum isolates in soil samples from 
ten counties. This is the first report on the presence of this mycoparasite in Iowa. 
Trichoderma hamatum, T. harzianum, T. koningii, T. longibrachiatum, T. polysporum. T. 
pseudokoningii, and T. viride were also isolated from the sclerotial baits. Pathogenicity tests 
confirmed the parasitic activity of T. polysporum on the sclerotia of S. sclerotiorum. This is 
the first report on this association. Gliocladium roseum and G. virens were also retrieved 
viii 
from sclerotial baits. Coniothyrium minitans was identified in soil samples from 12 counties, 
most of them located in Northern Iowa. 
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CHAPTER I. INTRODUCTION 
A. Soybean production 
Soybean [Glycine max (L.) Merrill] represented a market value of US$ 30.39 x 10^ 
for the US economy in 1994 (46). In 1997 40% of the world's soybean supply was produced 
in the north-central region of the United States, with Iowa being the most productive state 
with 1.31 X 10^ metric tons per year (40). 
Soybean and soybean derivatives have a wide market, and researchers are 
continually discovering new potential uses for them. Pork and other livestock producers are 
the main consumers of soybean seed in the US. but this oilseed crop is also used as a source 
of protein for human consumption (18). Soybean oil is extensively used in the preparation of 
mayonnaise and salad dressings, is a major ingredient in the preparation of shortening, and 
is also used in the production of margarine (32). Mounts (32) reported that more than 2x10^ 
metric tons of "soy-oil based printing inks" are produced annually to satisfy the demand 
from the magazine and newspaper industry. Potential new uses for soybean derivatives 
include production of wood adhesives. plastics, films, and fibers (33). A new exciting 
market is the production of diesel fuel from soybeans (27). 
B. Sclerotinia stem rot 
Sclerotinia stem rot of soybeans (SSR) is caused by Sclerotinia scleroiionim (Lib.) 
de Bar> (15). The diseeise is also known as white mold of soybeans. Sclerotinia stem rot is 
considered the second most damaging disease affecting soybeans in the US (46). It was first 
detected in Iowa more than 50 years ago (41), but due to its erratic incidence and low impact 
on yield, it was considered a minor disease in the region (17). This concept changed after 
severe outbreaks of the disease in 1992. 1994, and 1996 throughout the north-central region 
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of the US (22, 35). US soybean yield reductions due to SSR were estimated at 6.77 x 10"' 
metric tons in 1996 to 1.06 x lO"* metric tons in 1997 (45). The value of the 1997 yield loss 
was about US$ 2.46 x 10®, based on a price of US$ 7/bushel. 
Tne steady increase in total soybean acreage planted with no-till conditions and the 
rapid adoption of narrow-row soybean cultural practices are considered among the principal 
factors that contribute to favorable environmental conditions for SSR development (23. 35. 
44). Unfortunately there are few commercially available SSR-resistant varieties (47). There 
are other changes in soybean cultural practices that seem to be related to the increase in 
SSR. These are: 1) reduced use of herbicides like atrazine which has detrimental effects on 
apothecium development of S. sclerotiorum (14, 36); 2) increased use of herbicides with 
stimulatory effects on carpogenic germination (22); and, 3) more frequent soil applications 
of swine manure prior to soybean planting which seems to stimulate apothecium formation 
(24). 
C. Biological control of S. sclerotiorum 
More than 30 microorganisms have been mentioned as either parasites or antagonists 
ofS. sclerotionim (6.19.48). Among the mycoparasites that attack the sclerotia of S. 
sclera!iorum. Coniothyrium minitans Campbell and Sporidesmium sclerotivorum Uecker. 
Adams and Ayers have been studied the most (5.12,20.26.28). 
Sporidesmium sclerotivorum is considered "a near-obligate mycoparasite" (12) that 
attacks the sclerotia of several species of the family Sclerotiniaceae (30). Although it is 
fastidious. 5. sclerotivorum can be cultured in SM-4 medium, an artificial medium 
developed by Adams and Ayers (9). Spores of S". sclerotivorum can be harvested from 
colonies growing on SM-4 medium after eight weeks of incubation at 20°C. 
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Adams (4) considered S. sclerotivorum an aggressive mycoparasite based on its 
abilit>- to spread in the soil from an infected sclerotium to a healthy one. Coniothyrium 
minitans and most other known sclerotial antagonists without this trait were classified as 
passive mycoparasites. Adams and Ayers (8) observed that a single soil infestation with S. 
sclerotivorum protected lettuce during three subsequent cropping seasons against S. minor 
Jagger. In another study, control of 5. minor was observed for five continuous cropping 
seasons (10). In contrast with the massive amounts of C minitans inoculum needed to 
control Sclerotinia spp. in field studies (39,25, 21), yearly applications of 1-2 x lO'" 
spores/ha, one application of 2-20 x 10^ spores/ha of S. sclerotivorum provided economical 
control of 5. minor for many years (10). 
Ver>' few biological control agents of plant diseases have been exploited to a 
commercial level, mainly because most of the candidates evaluated could not provide 
consistent and economically acceptable control levels using reasonably low amounts of 
inoculum (5. 28). Studies with Sclerotinia minor in lettuce showed that Sporidesmium 
sclerotivorum could satisfy these requirements (10). 
D. Research rationale 
Disease management options that could reduce SSR epidemics either are unavailable 
to farmers or they are not compatible with economical, sustainable soybean production 
practices. Moderately resistant varieties are available, but most of them are descendants of 
Williams or Asgrow 3127, varieties that are very susceptible to SSR (16). Practices that 
encourage higher yield production. like narrow-row planting or chemical weed control, can 
result in more conducive environments for development of SSR epidemics (23). Soil 
conservation practices, like reduced- or no-tillage, increase the risk of severe SSR epidemics 
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by concentrating the sclerotia of S. sclerotiorum in the top 5 to 10 cm of soil, where they can 
germinate and produce apothecia (2,29, 35). Alternate use of deep plowing and no tillage 
practices on the other hand, could result in a redistribution of the sclerotia in the soil profile 
and consequently more severe epidemics in the next cropping season (38). Two-year 
rotations of soybean and com do not reduce sclerotial populations in the soil, because 
sclerotia of S. sclerotiorum remain viable in the soil for several years (6,43). Chemical 
control with fungicides like benomyl, that may effectively control S. sclerotiorum (13). is a 
non-economical alternative. 
Use of Sporidesmium sclerotivorum as a biocontrol agent of Sclerotinia sclerotiorum 
could possibly provide long lasting protection, with no environmental damage. The efficacy 
of Sporidesmium to parasitize the sclerotia of S. minor and its ability to survive in high 
macroconidial population densities in the soil has been well documented (4. 7. 8. 10. 11.31). 
The differences in the epidemiology and physiology of S. minor and S. sclerotiorum. 
reviewed by others in the past (1. 2. 6. 11. 34, 37,42) warrant a study on the feasibility of 
the control of the latter. 
The existence of biotypes of Sporidesmium sclerotivorum. based on their ability to 
grow in artificial medium, has been suggested by Adams (3). He also found significant 
differences in the parasitic ability of S. sclerotivorum isolates on sclerotia of Sclerotinia 
minor and Sclerotium cepivorum. The widespread distribution of S. sclerotivorum in the US 
(7) suggested the possibility of the existence of isolates indigenous to the state of Iowa. 
Indigenous isolates could be well adapted to the soil conditions prevalent in the state. 
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E. Research objectives 
1. Characterize the occurrence of natural populations of Sporidesmium sclerotivonm and 
other sclerotial parasites in Iowa soils. 
2. Determine the effect of some physical soil characteristics on the germination of S. 
sclerotivorum macroconidia. 
3. Evaluate the effectiveness of Sporidesmium sclerotivorum for control of Sclerotinia stem 
rot of soybeans. 
F. Dissertation organization 
This dissertation consists of an abstract and six chapters. Chapter I is a general 
introduction to the economic importance of soybean and the threat that Sclerotinia 
sclerofiorum poses to the soybean industry. The chapter ends listing the research objectives 
of this dissertation. Chapter II presents an in-depth literature review on the biology of 
Sclerotinia sclerotiorum, and the strategies and organisms used in biological control of 
Sclerotinia spp. with emphasis on Sporidesmium sclerotivorum. Chapter III is a manuscript 
to be submitted to the Journal of the Iowa Academy of Science describing a study on the 
identification of mycoparasites of the sclerotia of S. sclerotiorum indigenous to Iowa soils. 
Chapter IV is a manuscript to be submitted to Plant Disease describing laboratory studies on 
the effect of pH. temperature, and OirCOi ratios on germination of Sporidesmium 
sclerotivorum macroconidia. Chapter V is a manuscript to be submitted to Plant Disease 
describing a field study on the effectiveness of S. sclerotivorum in controlling Sclerotinia 
stem rot of soybean. Chapter VI summarizes research results and points to areas that may 
require further studies. 
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CHAPTER II. LITERATURE REVIEW 
A. Sclerotinia sclerotiorum 
Sclerotinia sclerotiorum (Lib.) de Bary belongs to ilie family Sclerotiniaceae, order 
Helotiales, subclass Discomycetes and class Ascomycetes (21). Sclerotinia is the type genus 
of the Sclerotiniaceae (181). S. sclerotiorum attacks more than 400 species of plants in at 
least 75 taxonomic families (44). 
1. Life cycle 
Sclerotinia sclerotiorum has a sexual and an asexual stage during its life cycle 
(Figure 2.1). Sclerotia are produced as resting structures in or on infected plant tissues (148). 
Overwintered sclerotia can germinate carpogenically producing one or more apothecia (37, 
68) or myceliogenically by means of eruptive hyphae (95). On each apothecium thousands 
of asci containing eight hyaline ascospores are produced. These unicellular ascospores are 
violently discharged into the air at maturity (84). Ascospores germinating on senescent floral 
tissues (163) will grow from there into the stem tissues (78). Sclerotia will be produced in 
and on infected tissues to complete the life cycle. The sclerotia may also germinate. 
a. Sclerotial phase 
This phase is the longest one in the life cycle of S. sclerotiorum and is spent mostly 
in or on the soil (8). The sclerotium is a fleshy, black structure whose size and shape usually 
depends on the host and the place where it is produced; sclerotia produced in the pith of 
infected soybean stems (Figure 2.1 D) are usually cylindrical and range from 2 mm to 2 cm 
in length (11). Sclerotia produced on the exterior surface of soybean tissues can have many 
Asexual cycle 
Sexual cycle 
Figure 2.1. Life cycle of Sclerolhua sclerotUmim, causal agent of Sclerotinia stem rot of soybean (SSR): A) overwintered 
sclerotia produces one to several apothecia; B) mature ascospores, considered the primary SSR inoculum, are 
discharged into the air; C) ascospores infect senescent tissues producing SSR symptoms; D) sclerotia are 
produced in infected soybean stems. S. sderotiorum can have an asexual life cycle by production of 
infective hyphae in other crop systems 
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different shapes, but they are usually flat on the side that is in contact with the plant tissues. 
Sclerotia produced in infected sunflower stems are usually globose in shape and 
smaller than 4 mm in diameter, whereas those produced in the sunflower heads arc usually 
much larger and have irregular shapes. 
During soybean harvest the sclerotia may be released from the soybean stems and 
spread, along with plant residues, by the combines in the field or may be collected with the 
seeds. The spatial distribution of sclerotia in the soil is not constant and can be changed from 
an aggregated pattern (42,43) to a more uniform or random distribution (Craig Grau. pers. 
comm.) by tillage practices. Tillage practices can also modify the vertical distribution of the 
sclerotia in the soil profile (5, 152, 160). Successive plowing may bring some buried 
sclerotia towards the soil surface and bury those that were on the surface, allowing for a 
continuous source of inoculum. Overwintered sclerotia may germinate during the next 
cropping season or may stay dormant for several years (8, 55, 58). 
i. Sclerotium formation and composition. Sclerotia begin to form in infected tissues 6 
to 8 days after the tissue was killed and more than 80% of the sclerotial dry weight will be 
accumulated in the first three days (60). Laboratory studies suggest that acidic environments 
(pH 3.5) may trigger sclerotium formation (175). Carbohydrates are stored in the sclerotium 
mainh as p-glucans. trehalose, marmitol, glucose and fructose (175). During maturation the 
sclerotia exude water-soluble carbohydrates, proteins, lipids, organic acids, salts, etc. (19. 
56. 57. 59). The composition of a mature sclerotium is mainly 2% crude fat. 3.5 to 5% ash 
and from 10 to 25% protein (114, 176). Lipid content of the sclerotium increases when the 
sclerotium is formed at colder temperatures (161). Proteins with molecular weight ranging 
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from 15 to 47 kDa constitute more than 40% of the total protein content of a mature 
sclerotium (137). 
ii. Distribution and survival of sclerotia in soil. Sclerotinia sJerotinrum can be 
disseminated into a field by means of infected seeds (130. 182). as sclerotia in contaminated 
seeds lots (153), or by ascospores produced in nearby fields (177). The first year SSR 
epidemics will occur in patches where the primary inoculum, either produced by introduced 
sclerotia or from nearby fields, landed. At the end of the cropping season, the infected plants 
and the sclerotia produced in them will be in small patches (78). Harvest and tillage 
practices may spread the sclerotia in the field increasing the size of the patches, but still 
following a rather aggregated pattern. Negative binomial distribution, Poisson distribution 
and random distribution models have been used to describe the spatial distribution of the 
sclerotia in the field (42, 43). Plowing helps to randomize the distribution of the sclerotia in 
the soil (160). 
Sclerotia of 5. sclerotiorum can survive in a dormant stage for several years in the 
soil (2. 55). According to Adams and Ayers (8), microbial activity appears to be the most 
imponant factor affecting survival of the sclerotia in the soil. Cultural practices, insect 
activity, and changes in moisture in the soil can crack the sclerotial rind exposing the rich 
interior cells to microbial degradation (23,24,126). Many organic and amino acids, as well 
as carbohydrates, mainly glucose, trehalose, and mannitol are leached out of a sclerotium by 
wetting and drying periods (140). It has been proposed that leakage of nutrients increases 
microbial populations and may result in colonization of the sclerotium with the consequent 
reduction of its viability (40,94, 156,157). 
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b. Apothecium fonnation and ascospore dispersal 
Depending on environmental conditions, the scierotium can germinaie 
myceliogenically by means of mycelium produced in an eruptive way or carpogenicaliy by 
producing one or more apothecia (2). Under field conditions, the oven-vintered sclerotia 
normally germinate carpogenicaily under the plant canopy or in cool moist areas with peak 
apothecial populations reached after the canopy closes and cool temperatures and high soil 
moisture conditions are present (41, 152). 
Sclerotia of S. sclerotiorum are easily produced in the laboratory (133) but, to 
condition sclerotia for carpogenic germination, they must be kept moist at temperatures 
between 4 and 8°C for four to eight weeks (68, 97). Conditioned sclerotia are then incubated 
at 18"C for an additional four weeks (68). Germination begins with the formation of a stipe 
composed of a bundle of tightly packed hyphae (106). The stipe shows positive 
phototropism (114) and can grow up to 5 cm before differentiating into an apothecium at the 
tip (113). Apothecial differentiation is stimulated by NUV light < 390 nm (91). Stipe 
formation elongation is regulated by apical dominance; if the first stipe does not reach the 
soil surface it will degrade, allowing other stipes to be formed later. Formation of the 
apothecium breaks the dominance and other apothecia may be formed from the same 
scierotium. The number of apothecia formed fi*om one scierotium is related to the size of 
that scierotium (38,68). In some instances more than 13 apothecia have been observed 
growing fi-om the same scierotium (personal observation). 
The apothecium, which is bright orange to tan in color, measures from 1 to 4 mm in 
diameter (Figure 2.1 A) (181). A hymenial layer on the upper surface of the apothecium 
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produces thousands of asci; each ascus contains eight hyaline, unicellular ascospores (Figure 
2.1 B) (106. 113, 181). Small changes in humidity and temperature contribute to a violent 
release of the ascospores after they mature. An apothecium releases an average of 2.3 x IO*" 
spores in a period of 9 days, with a daily production of 2.5 x 10' ascospores (152). These 
ascospores are the primary inoculum for many crops, including beans (171) and soybeans 
(41, 78), although the pathogen can also infect other crops by mycelial germination of 
sclerotia (2.95). 
Ascospores of S. sclerotiorum are known to be airborne (1, 84, 152), but the distance 
to which viable ascospores can be disseminated is still a matter of controversy. Suzui and 
Kobayashi (165) indicated that the transport of ascospores was detected up to 25 meters 
from the inoculum source. Wegulo (177) found heavy infection of soybean up to 50 meters 
from an inoculum source, and it is believed that spores could be transported for several miles 
(2). However, external sources of ascospores are considered not significant to the 
development of SSR epidemics in other studies (42,43, 80). 
c. Plant tissue colonization 
Initial stages of an epidemic of SSR in soybeans are similar to those described for 
dry beans by Tu (171). Ascospores landing on senescent floral structures will germinate if a 
film of free water is present for at least 2 days (1). These plant parts provide the exogenous 
energy source required by S. sclerotiorum to colonize the plant tissues (118, 147). Floral 
structures will be colonized in two or three days (2); then the mycelium will grow towards 
the stem tissues. Under high moisture and cool temperatures, a cottony white mycelium will 
develop externally on infected tissues Figure 2.1 C); healthy plant tissues becoming in 
contact with these hyphae will be colonized (171). 
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Sclerotinia sclerotiorum is a necrotroph that produces oxalic acid and several cell 
wall degrading enzy mes to kill and macerate the tissue in advance of the hyphae (76. 150). 
Infected tissues will appear water-soaked initially, and then are rapidly covered with an 
abundant cottony growth. Sclerotia will be formed seven to ten days later (2). 
2. Control 
a. Chemical 
A variety of chemicals, ranging from herbicides (149) to fungicides (86. 143. 158). 
and nematicides (143) have been evaluated for control of Sclerotinia spp. with positive 
results. But, in many instances economic considerations influence the decision of whether or 
not to use pesticides. Systemic fungicides, like benomyl, usually provide good control levels 
when sprayed during the flowering stage (159). Multiple fungicide applications, especially 
on indeterminate varieties, greatly reduce the profitability of the crop and accelerate the 
development of fungicide resistant populations (65). Indirect SSR control has been obtained 
with the application of the herbicide lactofen (63). Lactofen treated plants showed smaller 
lesions on leaves inoculated with S. sclerotiorum than untreated leaves. Lactofen increased 
concentrations of the phytoalexin glyceollin on leaves and resulted in significantly smaller 
lesions when leaves were inoculated with S. sclerotiorum mycelium compared to lesions on 
untreated plants (63). Lactofen is also thought to affect SSR severity by altering canopy 
density and delaying flowering of treated soybean plants (63). 
b. Genetic 
Genetic resistance against S. sclerotiorum has been found in a few crops (135). and 
more recently in soybean plant introductions (119). Most of the resistance genes have not 
been mapped in the soybean genome. Genetic variability among isolates of S. sclerotiorum. 
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even from the same field (112). may limit the durability of new resistant varieties in a short 
period of time. Many soybean varieties commercially available in the north-central rejion. 
are susceptible to S. sclerotiorum because they are descendents of Williams or Asgrow 
A3127 varieties, which produce high yields, but at the same time are very susceptible to 
SSR (67. 109, 132). 
Novel genetic approaches for control of Sclerotinia diseases include the production 
of apetalous canola cultivars through conventional breeding (107), which limit the food base 
for penetration of the pathogen. Also the transgenic introduction of genes for production of 
oxalate oxidase into sunflower plants (117) allowed for inactivation of the non-host specific 
oxalic acid toxin. These approaches could also be used to improve the resistance of soybeans 
to Sclerotinia in the near ftitiire. 
c. Cultural practices 
No-tillage is practiced to minimize soil erosion and limit energy input into soybean 
culture (140). However, with no-tillage sclerotia accumulate on the soil surface, sometimes 
in a duff layer, and increase the inoculum potential of the pathogen. SSR is more severe with 
no-tillage compared to tilled fields (144, no data shown). The use of 19 to 50 cm row 
spacing has contributed to higher yields and is possible with modem herbicides and 
glyphosate resistant soybeans. The plant canopy develops earlier with narrow row soybeans 
in contrast to conventional row widths and this can aid in weed control. Unfortunately 
narrow row spacing, which was intended to increase yield, also increased SSR incidence 
(79). The narrow row spacing allowed for high relative humidity conditions under the crop 
canopy for longer periods of time than wide spacing. 
Crop rotation have a limited success in controlling this disease in some regions 
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because of the wide host range of this pathogen, and more than one crop in the rotation may 
be susceptible (44.148). Because the sclerotia of Sclerotinia sclerotiorum can survive in the 
soil for several years (2), crop rotation may not be a useful conti'ol practicc in soybean 
culture. 
The incorporation of swine manure into the soil stimulates carpogenic germination of 
the sclerotia (87), but the incorporation of green manure may result in increased microbial 
activity antagonistic to the sclerotia (61). The incorporation of some nitrogen fertilizers like 
calcium cyanamide can also result in an effective control of Sclerotinia in the soil (98). 
Frequent irrigation throughout the soybean season may result in higher SSR incidence (79). 
Infection of roots by myceliogenic germination, although important in other crops (90. 95). 
is noi important in soybeans (1. 78). 
B. Biological control 
Many definitions have been proposed to describe "biological control" in plant 
pathology. Garrett (72) defined it as "the control of a disease by means of a living agency 
other than natural plant defense mechanisms...". Baker and Cook (31) coined a more precise 
and complete definition "...the reduction of inoculum density or disease producing activities 
of a pathogen or parasite in its active or dormant state by one or more organisms 
accomplished naturally or through manipulation of the environment, host, or antagonists". In 
1983 Cook and Baker (61) shortened this definition to "... the reduction of the amount of 
inoculum or disease-producing activity of a pathogen accomplished by or through one or 
more organisms other than man". Nigam and Mukeiji (136) condensed the definition to "the 
result of direct or indirect manipulation of a living organism to increase their attack on pest 
species". All definitions imply interactions between microorganisms. 
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In 1953, Odum (138) classified the interaction of two population species in eight 
categories: neutralism, commensalism, protocooperation (synergism), mutualism 
(symbiosis), competition, amensalism (antagonism), parasitism and predation. Atlas and 
Bartha (26) describe each category as follows: Neutralism occurs when the two populations 
do not interact. Commensalism occurs when one population benefits from another one 
without harming them, usually one population feeds on by-products of a second population. 
In synergistic and mutualistic relationships both populations benefit from the interaction, but 
the relationship is obligatory with mutualism. Competition describes an interaction where 
both populations are negatively affected. Amensalism occurs when one population produces 
metabolites, like antibiotics, that are toxic to the other. In a parasitic relationship one 
population feeds on the other, and usually the parasite is smaller in size than its host. A 
predatory interaction involves members of one population hunting and eating members of 
the other population; contrary to a parasitic relationship, here the hunters are usually larger 
than their targets. The last four categories are considered antagonistic relationships and can 
lead to biological control (155) as previously defined. Competition, amensalism. and 
parasitism are the principles more commonly expressed in the biocontrol of plant pathogens 
(167). .A.ntagonism, other than predation, can occur by antibiosis (73. 178), competition for 
nutrients or ecological niches (25, 89), and by direct parasitism or hyperparasitism (164). 
Any of these forms of antagonism, or all of them, can occur at the same time in any plant 
part or in the soil (155). 
1. Competition 
Antagonism by competition occurs when a limited resource (nutrients, space, light, 
etc.) is required by two organisms in the same niche. Competition can occur between species 
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of the same genus or between biotypes of the same species (155) and is considered one of 
the most important factors in determining the size and distribution of closely related 
populations (26). According to Atlas and Bartha (26), Gause (74) demonstrated the principle 
of competitive exclusion with Paramecium caudatum and P. aurelia. Gause (74) showed 
that P. caudatum outcompeted P. aurelia for available food by multiplying faster. 
Competence for nutrients does not necessarily occur only between related organisms; 
immobilization of iron in the soil, by Pseudomonas fluorescens can result in suppression of 
diseases produced by Pythium sp. (116), Fusarium sp. (69). Thielaviopsis basicola (17) and 
other pathogens. 
Competence for space or infection site, preemptive colonization or exclusion occurs 
when one organism that is established in an ecosystem prevents the establishment of another 
(18). Preemptive exclusion is one of the principal mechanisms of biological control in the 
soil (64) and is the mechanism responsible for biological control of Fusarium wilts (20). The 
same principle is expressed in the phylloplane (115), and in post-harvest fruit rot control 
(103. 104). 
2. Amensalism 
According to Atlas and Bartha (26) an amensalistic relationship occurs when a 
population that produces toxic metabolites gets a competitive advantage over another 
population that is sensitive to these metabolites. An amensalistic relationship, either by 
antibiosis or allelopathy, can result in preemptive exclusion (26,39). There are numerous 
publications regarding the ability of microorganisms to produce antibiotics, and the role of 
these antibiotics in biological control of plant pathogens (58, 70. 75, 82, 83, 92, 108. 166. 
178). Antibiotic production is a density-dependent trait (145), rather than a constitutive trait. 
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and can be easily detected by dual culture in solid media in the laboratory as a zone of 
inhibition surrounding the organism sensitive to the antibiotic (39). 
3. Parasitism 
Nearly all plant pathogens are parasites of plants, since they obtain their nutrients 
from their host, the plant. Organisms parasitic to other parasites are called hyperparasites 
(48. 105). From this definition, any organism pathogenic to a plant parasite is a 
hyperparasite; e.g. fungi, bacteria or viruses that attack parasitic plants like dodder, 
broomrape and witchweeds, and fungal viruses could be included in this category (16). 
Sometimes the term hyperparasite has been used as a synonym of mycoparasite (46. 53). 
According to the Ainsworth and Bisby's Dictionary of the fungi (85). a mycoparasite is a 
fungus that is a parasite of another fungus. The term fungicolous fungi, is used in a broad 
sense to refer to fungi living in association with another fungus, but not necessarily in a 
parasitic relationship (162). Most of the biological control agents that are parasitic on fungal 
plant pathogens are mycoparasites (105). 
Mycoparasitism is a phenomenon that has been known by mycologists for more than 
a centur>-. Horace Bamett (34) in a review article about mycoparasitism mentioned the 
works of Anton de Bary in 1870. Brefeld in 1872. and van Tieghem in 1875. among others 
in the identification of mycoparasites. 
Fungal plant pathogens are considered biotrophs or necrotrophs. depending on 
whether they kill the host tissue in order to take nutrients from them or not (16). The same 
principle has been used to define the nature of mycoparasitic relationships (34. 36). Early 
papers also considered biotrophs as organisms that could not be grown in axenic cultures 
(46). This assumption no longer holds true, because many biotrophs can be grown in 
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complex media (22,29,35, 36,47). 
a. Necrotrophic mycoparasites 
This group accounts for the majority of mycoparasites of soil-borne plant pathogens 
(46). Necrotrophic mycoparasites are very aggressive, have a broad host range, and are very 
good saprophytes (36, 61). They can out-compete many fungi in colonizing soil after a 
sterilization procedure (105). The hyphae of necrotrophic mycoparasites are usually thinner 
than the hyphae of their hosts (105) and frequently are attracted toward their hosts, coiling 
around them (34. 100, 168). Upon contact with their host, necrotrophic mycoparasites 
release toxins (120), enzymes like chitinase (125), and/or antibiotics (66. 75). to kill them. 
Necrotrophic mycoparasites have been arbitrarily classified as contact and invasive 
parasites (105). Many contact parasites may penetrate their hosts as invading organisms, 
depending on the isolate and on environmental conditions (168). Invasive parasites are rather 
specialized in the part of the host that they attack, but they always penetrate their host (105). 
Many invasive necrotrophs can attack multiple parts of a host and also have a broad host 
range (105). 
The most studied necrotrophic mycoparasites of plant pathogens are Trichoderma 
spp. and Gliocladium spp. (141. 167, 179). Trichoderma harzianum can attack the sclerotia 
of Scleroiinia sclerotiorum (110) and its hyphae (154). Hyphal penetration occurs by means 
of enz\'matic digestion of the cell wall and mechanical pressure, the same mechanisms used 
by some plant pathogens to penetrate plant cell walls (16). 
Once the parasite enters the host, the cytoplasm is killed and the parasite uses the 
nutrients from dead cells to continue invading the host. Coniothyrium minitans. a contact 
necrotroph that attacks the sclerotia of S. sclerotiorum, can also invade the hyphae and feed 
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on the cytoplasm (169). 
b. Biotrophic mycoparasites 
Biotrophic mycoparasites, like their plant pathogen homologues, have a narrow host 
range and do not kill their host. Instead, they develop "haustorium-like" structures to absorb 
nutrients from the host (36, 120). Much like the necrotrophic parasites, the biotrophs have a 
positive tropism and grow towards the host tissue (34). Biotrophic mycoparasites are also 
known as "balanced mycoparasites" (46), and have been classified into three categories 
based on their relationship to the host: intracellular biotrophs, contact biotrophs. and 
haustorial mycoparasites (36,46). 
i. Intracellular mycoparasites. This category groups mycoparasites belonging to the 
Oomycota and Chytridiomycota. The zoopores produced by these parasites encyst and 
penetrate the host cell in the same way their relatives penetrate plant tissues (105). No 
parasites of important plant pathogens have been identified in this category. 
ii. Contact mycoparasites. Most of the information provided in this section comes 
from the book "Interfungal parasitic relationships" by Jeffries and Young (105). The term 
contact parasites was changed by Jeffries and Young (105) to "fusion parasites" in lieu of 
evidence indicating that during the parasitic interaction, the cell wall of the hyphae of both 
the host and its parasite, disintegrate and their cytoplasm becomes in close contact. The 
parasites feed on their host by a net of micro channels that connect their cytoplasm. Infected 
hosts show reduced growth. Taxonomically the parasites in this category are closely related 
to their hosts. According to Jeffries and Young (105), some species of Acladium. Dicyma. 
Gonataholrys. Gonatobotryum. Harzia, Melanospora, Nematogonum and Stephanoma have 
been identified as fusion parasites of plant pathogenic fungi, especially Fusarium spp. 
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Species from the genera Gonatorhodiella and Calcarisporium are also considered biotrophic 
mycoparasites (36). Contact biotrophs are unable to produce some nutrients, like 
mycotrophein, biotin or thiamine (120), and have to rely on their host to supply them. 
Contact biotrophs can be grown in artificial media supplemented with these substances 
(120). 
iii. Haustorial mycoparasites. The most studied organisms in this categor>' are 
Dispira, Dimargaris, Kuzuhaea, Piptocephalis, Syncephalis, Tieghemiomyces (36. 105). and 
Sporidesmiiim sclerotivorum (51). The first six genera belong to the Zygomycetes, and 
attack the mycelia of their hosts (105); Sporidesmium sclerotivorum belongs to the 
Deuteromycetes and is a parasite of the sclerotia of Sclerotinia sp. (172). 
Spore germination in all haustorial mycoparasites requires the presence of 
stimulating factors produced by their hosts (36, 120, 129). More than 70% of the 
macroconidia of Sporidesmium germinated when placed up to two cm from a sclerotium of 
Sclerotinia minor: no germination was observed in pure water (128). The germination factor 
for Sporidesmium, called sporigermin (but not characterized or purified), has been associated 
with the rind of the sclerotia of S. minor {\19). 
The hyphae of the parasitic Zygomycetes produce appressorium-like structures upon 
contact with the hyphae of their host (36). A fine penetration peg grows through the cell wall 
in the same manner a plant pathogen penetrates plant cell walls. Like higher plants, some 
fimgi offer resistance to penetration by these mycoparasites by producing papillae under the 
penetration peg (36. 105). Once the penetration peg breaks through the cell wall, the 
cytoplasm of the parasite is transferred to the host cell, and the peg swells and becomes a 
haustorium (121). The haustorium formed by these mycoparasites resembles that of 
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biotrophic plant pathogens in shape, structure, and function (36). The haustorium of plant 
pathogens does not penetrate the cell membrane, but becomes closely associated with it (52). 
Sporidesmium sclerotivorum does not attack the hyphae of S. sclerotiorum, but only 
the sclerotia (10). The hyphae of Sporidesmium penetrate directly between the cells of the 
rind of the sclerotia of Sclerotinia spp. without forming appressoria (11). Haustorium-like 
structures of different shapes are formed after penetration of the sclerotial cell walls, but 
without damage to the sclerotial membrane. These haustoria remain active for about four 
weeks (51). Sporulation begins shortly after the medulla is colonized, about two weeks after 
inoculation (11), and continues for the next three weeks (172). 
Haustorial mycoparasites can be grown in the laboratory, although the media 
required is rather complex and usually includes carbohydrates, salts and vitamins (30. 32. 
33. 35). Ayers and Adams (29) developed SM-4, a medium for production of S. 
sclcrotivonim. One liter of SM-4 contains 10 g sucrose; 5 g casamino acid; 2 g succinic acid: 
1 g L-glutamine; 1 g KH2PO4; 0.5 g MgS04 7H,0; 0.1 g CaCl, 2H,0; 2.86 ^g H,BO,; 1.41 
^g MnCU 2H,0: 0.22 ^g ZnSO, 7H,0; 0.08 ^ g CuSO^iH^O; 0.2 ^g (NHj.Mo^O^j H^O: 10 
l^g biotin; 100 ^g thiamine; and 9 x 10*' M of FejK-EDTA. The pH of the SM-4 medium is 
adjusted to 5.5 and the medium is mixed with agar or vermiculite as a solid substrate before 
autoclaving. 
4. Biocontrol of Sclerotinia sclerotiorum 
Numerous microorganisms have been identified antagonizing almost every stage in 
the life cycle of Sclerotinia sclerotiorum. In the soil, antagonists inhibit sclerotial carpogenic 
germination (131). attack the hyphae produced during myceliogenic germination of the 
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sclerotia (184), or the sclerotium itself (27, 28, 54,131, 174). In aerial plant parts, 
antagonists inhibit ascospore germination and/or germ tube elongation (101. 102. 184. 188). 
Most of the bacterial antagonists of Sclerotinia sclerotiorum have been isolated from 
soil or the rhizosphere of different plants (Table 2.1). Most of these bacteria affect 
germination of ascospores or reduce germ tube elongation. The sclerotia of S. sclerotiorum 
can be easily retrieved from soil by wet sieving (3,4, 146). Sclerotia used as bait has been 
retrieved from soil using this technique to isolate sclerotial antagonists. Most of the fungal 
antagonists reported (Table 2.2) attack the sclerotia of 5. sclerotiorum. 
a. Sporidesmium as a biocontrol agent 
Sporidesmium sclerotivorum Uecker, Ayers. et Adams (172) (Figure 2.2 A) is an 
obligate mycoparasite that attacks the sclerotia of Sclerotinia sclerotiorum. S. minor zind 
Sclerotium cepivorum (27), among other members of the Sclerotiniaceae (127). 
Sporidesmium sclerotivorum has been isolated from soils throughout the United States (9) 
and from countries in five continents (12, 151). Sporidesmium sclerotivorum is a 
Dematiaceous Hyphomycete that belongs to the class Deuteromycetes (21). 
Sporidesmium sclerotivorum produces two kinds of conidia. viz. macroconidia and 
microconidia. The microconidia (Figure 2.2 C), also called Selenosporella-WkQ conidia. are 
hyaline, single-celled, fusiform to cylindrical in shape, and measure 7-8 x 0.9-1 jjm (172). 
Microconidia are produced on two to five conidiogenous cells arranged in a whorl at the tip 
of simple or branched conidiophores (50). The conidiophores are usually 50 - 75 ^m long 
(range from 28 to 100 ^m) and 5-7 j^m wide at the base (range 4 to 9 j^m), while the 
conidiogenous cells are 12 - 35 ^m long and 4 j^m wide at the base and 1-2 ^m at the tip. 
Table 2.1. Bacterial antagonists of Sclerotinhi scleroliorwn 
Bacteria Origin of isolate Reference 
Acinetobacter sp. Brisou et Prevot 
Bacilltis cereus Frank, el Frank. 
Bacillus polymyxa (Prazmowski) Mace 
Bacillus subtilis (Ehrenberg) Cohn 
Enterobacter cloacae (Jordan) Hormaeche el Edwards 
Enterobader agglomeram (Beijerinck) 
syn:[Er\vinia herbicola (Lohnis)] 
Pseudomoms cepacia Burkholder 
Pseudomonas putida (Trevisan) Migula 
Rhizosphere of flowers 
S. sclerotiorum sclerotia 
Rhizosphere of flowers 
Rhizosphere of flowers 
Bentgrass leaves 
Dry edible bean flowers 
Barley rhizosphere 
Rhizosphere of flowers 
Oedjijono and Dragar, 1993 
Huang e/a/., 1993; 
Zazzerini et al., 1987 
Oedjijono and Dragar, 1993 
Oedjijono and Dragar, 1993 
Nelson and Craft, 1991 
Yuen et al. 1994 
McLoughlin e/a/., 1992; 
Oedjijono and Dragar, 1993 
Oedjijono and Dragar, 1993 
Table 2.2. Fungal antagonists of Sckrolinia sclerolionim 
Antagonist Origin of isolates Reference 
Allermiria allernala (Fr.) Keissler Rapeseed and bean petals Inglis and Boland, 1992 
Chaetomium globosimt Kunze: Fr. Apple leaves Boland and Inglis, 1989 
Coniothyrium minitam Campbell S. scleroliorum sclerotia Budge and Whipps, 1991; Hoes and Huang, 1975 
Drechslera sp. Rapeseed petals Inglis and Boland, 1992 
Dyctiosporium elegans Corda S. sclerotiorum sclerotia McCredie and Sivasithamparam, 1985 
Epiccocim purpurascem Ehrenb. ex Schlecht. Rapeseed petals, lettuce 
leaves Inglis and Boland, 1992; Zhou and Reeleder, 1990 
Fusarium avenaceum (Corda ex Fr.) Sacc. S. sclerotiorum sclerotia Zazzerini and Tosi, 1985 
Fidsarium equiseti (Corda) Sacc. S. sclerotiorum sclerotia Zazzerini and Tosi, 1985 
Fusarium heterosporum Nees ex Fr. Rapeseed and bean petals Inglis and Boland, 1992 
Fusarium graminearum Schwab. Rapeseed petals Inglis and Boland, 1992 
Fusarium oxysporum Schlecht. S. sclerotiorum sclerotia Zazzerini and Tosi, 1985 
Fusarium solani (Mart.) Sacc. Not specified Jeffries and Young, 1994 
Gliocladium catenulalum Glim, et Abbott S. sclerotionun sclerotia Huang, 1978 
Gliocladium roseum (Link:Fr.) Bainier Not specified Mueller e/flf/., 1985 
Gliocladium virens Miller, Giddens el Foster S. sclerotiorum sclerotia Tu, 1980 
Laterispora hrevirama Uecker, Ayers, et 
Adams S. minor sclerotia Uecker e/a/., 1982 
Myrothecium verrucaria (Alb. et Schw.) Dilm. 
ex Fr. Bean petals Inglis and Boland, 1992 
Penicillium citrinum Thorn S. sclerotiorum sclerotia Zazzerini and Tosi, 1985 
Penicillium verrucosum var. cyclopium 
(Westling) Samson, Stolk et Hedlock S. sclerotiorum sclerotia Zazzerini and Tosi, 1985 
Penicillium griseofulvum Dierckx S. sclerotiorum sclerotia Zazzerini and Tosi, 1985 
Phoma nehulosa (Pers. ex Fr.) Berk. Soil Whipps et al., 1993 
Table 2.2. continued 
Sporidesmium sclerotivorum IJecker, Ayers, et 
Adams [=Teralospermu sclerotivorum 
(Decker, Ayers, et Adams) Hughes] 
Talaromyces flavus (Klocker) Stolk et Samson 
[anamorph Penicillium vermiculatum 
(Dangeard)] 
Talaromyces wortmanii (Klocker) Benjamin 
Teratosperma oligocladum Decker, Ayers, et 
Adams 
Trichoderma hamaium (Bon.) Bainier 
Trichoderma harzianum Rifai 
Trichoderma koningii Oudem. 
Trichoderma pseudokonirtgii Rifai 
Trichoderma viride Pers. ex Gray 
Trichothecium roseum (Pcrs.:Fr.) Link 
Volutella ciliata (Alb. el Schwein) Fr. 
S. minor sclerotia 
Sunflower rhizosphere 
S. sclerotiorum sclerotia 
S. minor sclerotia 
Soil 
Soil 
S. sclerotiorum sclerotia 
S. sclerotiorum sclerotia 
S. sclerotiorum sclerotia 
S. sclerotiorum sclerotia 
S. sclerotiorum sclerotia 
Decker e/a/., 1978 
McLaren el al., 1994 
Zazzerini and Tosi, 1985 
Decker eA a/., 1980 
Gracia-Garza el al., 1997 
Inbar et al., 1996; Knudsen and Eschen, 1991 
Trutmann and Keane, 1990 
Hoes and Huang, 1975 
Hoes and Huang, 1975 
Huang and Kokko, 1993 
Whippse/a/., 1993 
Figure 2,2. A) Mycelial mass of Sporidesmium scleralivorimi growing from an infected host (4X); B) Microconidia 
of 5, sclerofivorum are hyaline spores that look like dark elongated spots when observed with a phase 
contrast microscope at 400X magnification, microconidia are produced on conidiophores of a 
Selenosporella-like stage; C") S. sclerofivorum macroconidia (400X); D) S. sclerolivorum hyphae 
growing in soil from infected Sclerolinia sclerolionim sclerotia (250X) 
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Macroconidia are produced on short conidiophores that are about the same diameter 
as the hyphae. The conidiophores measure 14-25 by 4-5 ^m in length, and can be simple or 
branched and usually consist of two to three cells. Macroconidia (Figure 2.2 D), produced 
only at the tip of conidiophores in a holoblastic manner, are light to mid-brown in color, 
with rounded tips and a truncate base with the cells of the tip and the base usually paler than 
the rest of the body (172). Macroconidia usually measure 60-92 x 6-8 ^m and have 5-7 
septa, but when produced in laboratory they can be smaller (50). 
Macroconidia function as infective units as well as resting structures. Macroconidia 
germinate only in presence of sclerotial exudates (129). Germination studies in soil showed 
that germination of macroconidia was stimulated by sclerotia of Scleroiinia minor located up 
to one cm from the conidia (27). Sclerotial populations as low as 43 sclerotia of S. minor in 
100 g of soil induced germination of more than 40% of the macroconidia present in three 
days (27). 
Adams et al. (15) estimated that a single sclerotium of S. minor provides enough 
energy for Sporidesmium to produce up to 15,000 macroconidia. During this study, the 
population of Sporidesmium macroconidia increased 14,000 fold in a period of 12 weeks. 
Sporidesmium sclerotivorum is highly efficient in converting food into hyphal growth (14). 
Sporidesmium can grow up to 3 cm in the soil from a colonized sclerotium of S. minor (13). 
a characteristic that allows the parasite to contact uninfected sclerotia. In the absence of 
available hosts, the macroconidia will not germinate and can remain viable in the soil for at 
least 15 months (27). 
The combination of a tremendous reproductive capacity with the ability to spread out 
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from an infected host (Figure 2.2 B) and good survival ability (6), were traits needed to 
make Sporidesmium an excellent biocontrol agent for S. minor {\5, 71). Field tests resulted 
in economical control of S. minor using dosages as low as 2 kg/ha of the parasite in SM-4 
vermiculite medium (13). Establishment of S. sclerotivorum in a field will eventually render 
the field suppressive to Sclerotinia (81). 
b. Strategies for biological control 
One overwintered sclerotium of Sclerotinia sclerotiorum can produce several million 
infective units (ascospores) in less than ten days (152). It is reasonable to assume then, that 
reducing the population of viable sclerotia at the beginning of the cropping season is the 
strategy with the highest chance of success (61, 186). Most of the fungi listed in table 2.2 
either destroy the sclerotia or indirectly prevent the production of apothecia in the soil. 
In the past the prevalent approach to biocontrol was through inundative treatments, 
that required large and impractical amounts of inoculum (61). "The hyperparasite may be 
most efficient if established at the source so that they travel with the pathogen propagule, 
rather than being dispersed so that they must then contact the propagule" (61). This principle 
was successfully put to practice by Adams and Fravel (13) to control lettuce drop caused by 
Sclerotinia minor, using relatively low dosages of Sporidesmium sclerotivorum. Conidia of 
the mycoparasite were delivered to Sclerotinia-vaftciQd plants before they were disked into 
the soil, thereby maximizing the chances of Sporidesmium to come into contact with its host. 
A successful biocontrol program has to use not only the best approach to deliver the 
biological control agent (BCA). but also the best BCA. In a study comparing several BCA's. 
Adams (7) concluded that Sporidesmium sclerotivorum is "a superior antagonist" because of 
its aggressiveness. Germination of Sporidesmium macroconidia is not only conditioned to 
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the presence of a nearby sclerotium (129), but uses the sclerotium as an energy source to 
grow into the soil "searching" for uninfected host sclerotia. Thanks to the latter the 
mycoparasite can achieve suppressive population densities over time, despite being 
introduced into an area at very low concentrations (13), characterizing S. sclerotivorum as an 
ideal biocontrol agent against Sclerotinia spp. The biotrophic nature of S. sclerotivorum and 
its narrow host range (127) makes its introduction to new areas ecologically safe. 
C. Literature cited 
1. Abawi, G.S., and Grogan, R.G. 1975. Source of primary inoculum and effects of 
temperature and moisture on infection of beans by Whetzelinia sclerotiorum. 
Phytopathology 65:300-309. 
2. Abawi. G.S., and Grogan, R.G. 1979. Epidemiology of diseases caused by Sclerotinia 
species. Phytopathology 69:899-904. 
3. .^bd-Elrazik. A. A., and Lorbeer, J.W. 1980. Rapid separation of Sclerotinia minor from 
artificially and naturally infested organic soil. Phytopathology 70:892-894. 
4. Adams, P.B. 1979. A rapid method for quantitative isolation of sclerotia of Sclerotinia 
minor and Sclerotium cepivorum from soil. Plant Dis. Rep. 63:349-351. 
5. .Adams. P.B. 1986. Production of sclerotia of Sclerotinia minor on lettuce in the field 
and their distribution in soil after disking. Plant Dis. 70:1043-1046. 
6. Adams. P.B. 1987. Effects of soil temperature, moisture, and depth on survival and 
activity of Sclerotinia minor. Sclerotium cepivorum. and Sporidesmium sclerotivorum. 
Plant Dis. 71:170-174. 
7. Adams, P.B. 1989. Comparison of antagonists of Sclerotinia species. Phytopathology 
79:1345-1347. 
8. Adams, P.B.. and Ayers, W.A. 1979. Ecology of Sclerotinia species. Phytopathology 
69:896-899. 
9. Adams, P.B., and Ayers, W.A. 1981. Sporidesmium sclerotivorum: distribution and 
function in natural biological control of sclerotial fungi. Phytopathology 71:90-93. 
10. Adams, P.B., and Ayers. W.A. 1982. Biological control of Sclerotinia lettuce drop in 
the field by Sporidesmium sclerotivorum. Phytopathology 72:485-488. 
34 
11. Adams. P.B., and Ayers, W.A. 1983. Histological and physiological aspects of 
infection of sclerotia of two Sclerotinia species by two mycoparasites. Phytopathology 
73:1072-1076. 
12. Adams. P.B., and Ayers, W.A. 1985. The world distribution of the mycoparasites 
Sporidesmium scleralivorum, Teratosperma oligocladium and Laterispora brevirama. 
Soil Biol. Biochem. 17:583-584. 
13. Adams. P.B., and Fravel, D.R. 1990. Economical biological control of Sclerotinia 
lettuce drop by Sporidesmium sclerotivorum. Phytopathology 80:1120-1124. 
14. Adams. P.B., Ayers, W.A.. and Marois, J.J. 1985. Energy efficiency of the 
mycoparasite Sporidesmium sclerotivorum in vitro and in soil. Soil Biol. Biochem. 
17:155-158. 
15. Adams. P.B., Marois, J.J., and Ayers, W.A. 1984. Population dynamics of the 
mycoparasite Sporidesmium sclerotivorum, and its host, Sclerotinia minor in soil. Soil 
Biol. Biochem. 16:627-633. 
16. Agrios. G.N. 1997. Plant Pathology. 4"* ed. Academic Press. New York. 635 p. 
17. Ahl, P.. Voisard, C., and Defago. G. 1986. Iron-bound siderophores. cyanide, and 
antibiotics involved in suppression of Thielaviopsis basicola by Pseudomonas 
fhiorescens strain. J. Phytopathol. 116:121-134. 
18. Al-Achi. B.J., Platsouka, E., and Levy, S.B. 1991. Competitive colonization between 
Pseudomonas species in sterile soils. Current Microbiol. 23:97-104. 
19. Al-Hamdani, A.M., and Cooke, R.C. 1987. Effect of water potential on accumulation 
and exudation of carbohydrates and glycerol during sclerotium formation and 
myceliogenic germination in Sclerotinia sclerotionim. Trans. Br. Mycol. Soc. 89:51-
60. 
20. Alabouvette. C.. Schippers. B., Lemanceau, P., and Bakker, P.A.H.M. 1998. Biological 
control of Fusarium wilts. Toward development of commercial products, p. 15-36 In: 
Plant-Microbe interactions and biological control. Boland, G.J.. and Kuykendall. L.D. 
(eds.). Marcell Dekker. New York. 
21. Alexopoulos. C.J., Mims, C.W., and Blackwell, M. 1996. Introductory Mycology. 4"' 
ed. John Wiley and Son. New York. 868 pp. 
22. Allen. E.A., Blenis. P.V., and Hiratsuka, Y. 1988. Axenic culture of Endocronartium 
harknessii. Mycologia 80:120-123. 
23. Anas. O.. and Reeleder, R.D. 1987. Recovery of fungi and arthropods from sclerotia of 
Sclerotinia sclerotiorum in Quebec muck soils. Phytopathology 77:327-331. 
25 
26 
27 
28 
29 
30 
31. 
32, 
J O ,  
34. 
35. 
36. 
37. 
38. 
35 
Anas, O., and Reeleder, R.D. 1988. Consumption of the sclerotia of Sclerotinia 
sclerotiorum by larvae of Bradysia coprophila: influence of soil factors and 
interactions between larvae and Trichoderma viride. Soil Biol. Biochem. 20:619-624. 
Andrews, J.H. 1992. Biological control in the phyllosphere. Ann. Rev. Phytopathol. 
30:603-35. 
Atlas, R.M., and Bartha, R. 1998. Microbial ecology. Fundamentals and applications. 
Fourth ed. Addison Wesley Longman. New York. 694 pp. 
Ayers. W.A.. and Adams, P.B. 1979. Mycoparasitism of sclerotia oiSclerotinia and 
Sclerotium species by Sporidesmium sclerotivorum. Can. J. Microbiol. 25:17-23. 
Ayers, W.A., and Adams, P.B. 1981. Mycoparasitism of sclerotial fiingi by 
Teratosperma oligocladium. Can. J. Microbiol. 27:886-892. 
Ayers. W.A.. and Adams, P.B. 1983. Improved media for growth and sporulation of 
Sporidesmium sclerotivorum. Can. J. Microbiol. 29:325-330. 
Ayers. W.A.. Bamett, E.A.. and Adams, P.B. 1981. Germination of macroconidia and 
growth of Sporidesmium sclerotivorum in vitro. Can. J. Microbiol. 27:664-669. 
Baker. K.F., and Cook, R.J. 1974. Biological control of plant pathogens. W.H. 
Freeman. San Francisco. 433 pp. 
Barker. S.M.. and Bamett. H.L. 1973. Nitrogen and vitamin requirements for axenic 
growth of the haustorial mycoparasite, Dispira cornuta. Mycologia 65:21-27. 
Bamett. E.A., and Ayers. W.A. 1981. Nutritional and envirorunental factors affecting 
growth and spomlation of Sporidesmium sclerotivorum. Can. J. Microbiol. 27:685-691. 
Bamett. H.L. 1964. Mycoparasitism. Mycologia 56:1-19. 
Bamett. H.L. 1970. Nutritional requirements for axenic growth of some haustorial 
mycoparasites. Mycologia 62:750-760. 
Bamett. H.L.. and Binder. F.L. 1973. The fungal host-parasite relationship. Ann. Rev. 
Phytopathol. 11:273-292. 
Bedi. K.S. 1963. The age and size of the sclerotia of Sclerotinia sclerotiorum (Lib.) de 
Bary in relation to the formation of apothecia. J. Indian Bot. Soc. 42:204-207. 
Ben-Yephet. Y.. Genizi, A., and Siti, E. 1993. Sclerotial survival and apothecial 
production by Sclerotinia sclerotiorum following out-breaks of lettuce drop. 
Phytopathology 83:509-513. 
36 
39. Bin. L.. Knudsen, G.R.. and Eschen, D.J. 1991. Influence of an antagonistic strain of 
Pseudomonas fluorescens on growth and ability of Trichoderma harzianum to colonize 
sclerotia of Sclerotinia sclerotiorum in soil. Phytopathology 81:994-1000. 
40. Bokhary, H.A. 1984. Analyses of the carbohydrates leached during drying and wetting 
of sclerotia of Sclerotinia sclerotiorum (Lib.) De Bary. Arab Gulf J. Sci. Res. 2:609-
623. 
41. Boland, G.J., and Hall, R. 1988a. Epidemiology of Sclerotinia stem rot of soybean in 
Ontario. Phytopathology 78:1241-1245. 
42. Boland. G.J., and Hall, R. 1988b. Numbers and distribution of apothecia of Sclerotinia 
sclerotiorum in relation to white mold of white bean {Phaseolus vulgaris). Can. J. Bot. 
66:247-252. 
43. Boland. G.J., and Hall, R. 1988c. Relationships between the spatial pattern and number 
of apothecia of Sclerotinia sclerotiorum and stem rot of soybean. Plant Pathol. 37:329-
336. 
44. Boland. G.J., and Hall, R. 1994. Index of plant hosts of Sclerotinia sclerotiorum. Can. 
J. Plant Pathol. 16:93-108. 
45. Boland. G.J., and Inglis, G.D. 1989. Antagonism of white mold {Sclerotinia 
sclerotiorum) of bean by fungi from bean and rapeseed flowers. Can. J. Bot. 67:1775-
1781. 
46. Boosalis. M.G. 1964. Hyperparasitism. Arm. Rev. Phytopathol. 2:363-376. 
47. Bose. A., and Shaw. M. 1974. In vitro growth of wheat and flax rust fungi on complex 
and chemically defined media. Can. J. Botany 52:1183-1195. 
48. Bruehl. G.W. 1987. Soil Bome Plant Pathogens. Macmillan Publishing Co. London. 
368 pp. 
49. Budge. S.P.. and Whipps. J.M. 1991. Gleisshouse trials of Coniothyrium minitans and 
Trichoderma species for biological control of Sclerotinia sclerotiorum in celery and 
lettuce. Plant Pathol. 40:59-66. 
50. Bullock. S.. Willetts, H.J.. and Adams, P.B. 1989. Morphology, histochemistry, and 
germination of conidia of Sporidesmium sclerotivonm. Can. J. Bot. 67:313-317. 
51. Bullock. S.. Adams. P.B.. Willetts. H.J., and Ayers. W.A. 1986. Production of 
haustoria by Sporidesmium sclerotivorum in sclerotia of Sclerotinia minor. 
Phytopathology 76:101-103. 
37 
52. Bushnell, W.R. 1972. Physiology of fungal haustoria. Ann. Rev. Phytopathol. 10:151-
176. 
53. Campbell, R. 1989. Biological Control of Microbial Plant Pathogens. Cambridge 
University Press. Cambridge, Great Britain. 218 pp. 
54. Campbell, W.A. 1947. A new species of Coniothyrium parasitic on sclerotia. 
Mycologia 39:190-195. 
55. Coley-Smith, J.R., and Cooke, R.C. 1971. Survival and germination of fungal sclerotia. 
Ann. Rev. Phytopathol. 9:65-92. 
56. Colotelo, N. 1973. Physiological and biochemical properties of exudates associated 
with developing sclerotia of Sclerotinia sclerotiorum (Lib.) De Bary. Can. J. Microbiol. 
19:73-79. 
57. Colotelo, N., Sumner, J.L., and Voegelin, W.S. 1971. Chemical studies on the exudate 
and developing sclerotia of Sclerotinia sclerotiorum (Lib.) De Bary. Can. J. Bot. 
17:1189-1194. 
58. Cook, G.E., Steadman, J.R., and Boosalis, M.G. 1975. Survival of Whetzelinia 
sclerotiorum and initial infection of dry edible beans in Western Nebraska. 
Phytopathology 65:250-255. 
59. Cook. R.C. 1969. Changes in soluble carbohydrates during sclerotium formation by 
Sclerotinia sclerotiorum and S. trifoliorum. Trans. Br. Mycol. Soc. 53:77-86. 
60. Cook. R.C. 1971. Physiology of sclerotia of Sclerotinia sclerotiorum during growth 
and maturation. Trans. Br. Mycol. Soc. 56:51-59. 
61. Cook. R.J., and Baker, K.F. 1983. The Nature and Practice of Biological Control of 
Plant Pathogens. APS Press. St. Paul, MN. 539 pp. 
62. Cook. R.J.. Thomashow. L.S., Weller, D.M., Fujimoto, D., Mazzola. M.. Bangera. G.. 
and Kim. D. 1995. Molecular mechanisms of defense by rhizobacteria against root 
disease. Proc. Natl. Acad. Sci. 92:4197-4201. 
63. Daan. E.K., Diers, B.W.. and Hammerschmidt, R. 1999. Suppression of Sclerotinia stem 
rot of soybean by lactofen herbicide treatment. Phytopathology 89:598-602. 
64. Deacon, J.W.. and Berry, L.A. 1993. Biocontrol of soil-bome plant pathogens: concepts 
and their application. Pesticide Science 37:417-426. 
65- Dekker. J., and Georgopoulos, S. G. (eds.). 1982. Fungicide Resistance in Crop 
Protection. Wageningen, Neth. PUDOC. 265 pp. 
38 
66. Dennis, C., and Webster, J. 1971. Antagonistic properties of species-groups of 
Trichoderma. II. Production of volatile antibiotics. Trans. Br. Mycol. Soc. 57:41-48. 
67. Diers, B. 1998. Resistance to White mold in soybeans. Proceedings of the 1998 
Midwest Soybean Conference. Section 2: Disease management. Des Moines. lA. 
August 7-9, 1998. 
68. Dillard, H.R., Ludwig, J.W., and Hunter, J.E. 1995. Conditioning sclerotia of 
Sclerotinia sclerotiorum for carpogenic germination. Plant Dis. 79:411-415. 
69. Elad. Y., and R. Baker. 1985. The role of competition for iron and carbon in suppression 
of chlamydospore germination of Fusarium spp. by Pseudomonas spp. Phytopathology 
75:1053-1059. 
70. Fravel. D.R. 1988. Role of antibiosis in the biocontrol of plant diseases. Ann. Rev. 
Phytopathol. 26:75-91. 
71. Fravel. D.R. 1998. Use of Sporidesmium sclerotivorum for biocontrol of sclerotial plant 
pathogens, p. 37-47 In: Plant-Microbe Interactions and Biological Control. Boland. 
G.J. and Kuykendall, L.D. (eds.). Marcel Dekker. New York. 
72. Garret. S.D. 1956. Biology of Root-Infecting Fungi. Cambridge University Press. 
Cambridge. 292 pp. 
73. Garrett. C.M.E. 1988. Biological control of Agrobacterium species, p. 141-152 In: 
Biocontrol of Plant Diseases. Vol. II Mukeiji, K.G., and Garg. K.L. (eds.). CRC Press. 
Boca Raton. Florida. 
74. Gause. G.F. 1934. The Struggle for Existence. Williams and Wilkins. Baltimore. 163 pp. 
75. Ghisalberti. E.L., and Sivasithamparam, K. 1991. Antifungal antibiotics produced by 
Trichoderma spp. Soil Biol. Biochem. 23:1011-1020. 
76. Godoy. G., Steadman, J.R.. Dickman, M.B., and Dam. R. 1990. Use of mutants to 
demonstrate the role of oxalic acid in pathogenicity of Sclerotinia sclerotiorum on 
Phaseolus vulgaris. Physiol. Mol. Plant Pathol. 37:179-191. 
77. Gracia-Garza, J.A., Bailey. B.A.. Paulitz, T.C., Lumsden, R.D.. Releder, R.D., and 
Roberts, D.P. 1997. Effect of sclerotial damage of Sclerotinia sclerotiorum on the 
mycoparasitic activity of Trichoderma hamatum. Biocontrol Sci. Technol. 7:401-413 
78. Grau. C. 1988. Sclerotinia stem rot of soybean, p. 56-66 In: Soybean Diseases of the 
North Central Region. Wyllie. T.D.. and Scott, D.H. (eds.) APS Press. St. Paul. MN. 
39 
79. Grau, C.R., and Radke, V.L. 1984. Effects of cultivars and cultural practices on 
Scleroiinia stem rot of soybean. Plant Dis. 68:56-58. 
80. Gugel. R.K., and Morrall, R.A.A. 1986. Inoculum-disease relationships in Sderotinia 
stem rot of rapeseed in Saskatchewan. Can. J. Plant Pathol. 8:89-96. 
81. Gulya. T.J., Adams, P.B., and Rashid, K. Y. 1992. Natural biocontrol of Scleroiinia 
scleroiiorum in sunflower, p. 73-74 In: Proceedings of Sunflower Research Workshop 
National Sunflower Association. Bismarck, ND. 
82. Hamdan, H., Weller, D.M.. and Thomashow, L.S. 1991. Relative importance of 
fluorescent siderophores and other factors in biological control of Gaeumannomyces 
^raminis var. tritici by Pseudomonas Jluorescens 2-79 and M4-80R. Appl. Environ. 
Microbiol. 57:3270-3277. 
83. Handelsman, J., and Stabb. E.V. 1996. Biocontrol of soilbome plant pathogens. The 
Plant Cell 8:1855-1869. 
84. Hartill. W.F.T., and Underbill, A.P. 1976. "Puffing" in Sderotinia sderotiorum and S. 
minor. New Zealand J. Bot. 14:355-358. 
85. Hawksworth, D.L., Sutton. B.C.. and Ainsworth, G.C. 1983. Ainsworth and Bisby's 
Dictionary of the Fungi. 7"' ed. CAB International. Wallingford, England. 445 pp. 
86. Hawthorne, B.T., and Jarvis, W.R. 1973. Differential activity of fungicides on various 
stages in the life cycle of Sderotinia spp. New Zealand J. Agric. Res. 16:551-557 
87. Hedrick, L.1998. Phytophthora root rot, Sderotinia stem rot and Brown stem rot of 
soybeans in response to swine manure applications. M.S. Thesis. Iowa State Univ. 
.^mes. lA. 66 pp. 
88. Hoes. J.A., and Huang, H.C. 1975. Sderotinia sderotiorum: viability and separation of 
sclerotia from soil. Phytopathology 65:1431-1432. 
89. Hoitink, H.A.J., and Fahy. P.C. 1986. Basis for the control of soilborne plant pathogens 
with composts. Ann. Rev. Phytopathol. 24:93-114. 
90. Holley. R.C., and Nelson, B.D. 1986. Effect of plant population and inoculum density 
on incidence of Sderotinia wilt of sunflower. Phytopathology 76:71-74. 
91. Honda. Y., and Yimoki, T. 1977. Control of Sderotinia disease of greenhouse eggplant 
and cucumber by inhibition of development of apothecia. Plant Dis. Rep. 61:1036-
1040. 
40 
92. Howell, C.R., Stipanovic, R.D., and Lumsden, R.D. 1993. Antibiotic production by 
strains of Gliocladium virens and its relation to the biocontrol of cotton seedling 
diseases. Biocontrol Sci. Technol. 3:435-441. 
93. Huang, H.C. 1978. Gliocladium catenulatum: hyperparasite of Sclerotinia sclerotiorum 
and Fusarium species. Can. J. Hot. 56:2243-2246. 
94. Huang, H.C. 1983. Histology, amino acid leakage, and chemical composition of normal 
and abnormal sclerotia of Sclerotinia sclerotiorum. Can. J. Sot. 61:1443-1447. 
95. Huang, H.C., and Dueck, J. 1980. Wih of sunflower from infection by mycelial-
germinating scleroiia. of Sclerotinia sclerotiorum. Can. J. Plant Pathol. 2:47-52. 
96. Huang, H.C., and Kokko, E.G. 1993. Trichothecium roseum, a mycoparasite of 
Sclerotinia sclerotiorum. Can. J. Bot. 71:1631-1638. 
97. Huang, H.C., and Kozub, G.C. 1993. Influence of inoculum production temperature on 
carpogenic germination of sclerotia of Sclerotinia sclerotiorum. Can. J. Microbiol. 
39:548-550. 
98. Huang. H.C., and Sun, S.K. 1991. Effect of S-H mixture or Perlka™ on carpogenic 
germination and survival of sclerotia of Sclerotinia sclerotiorum. Soil Biol. Biochem. 
23:809-813. 
99. Huang. H.C., Kokko, E.G.. Yanke. L.J.. and Phillipe, R.C. 1993. Bacterial suppression 
of basal pod rot and end rot of dry peas caused by Sclerotinia sclerotiorum. Can. J. 
Microbiol 39:227-233. 
100. Inbar, J.. Menendez, A., and Chet, I. 1996. Hyphal interaction between Trichoderma 
harxianum and Sclerotinia sclerotiorum and its role in biological control. Soil Biol. 
Biochem. 28:757-763. 
101. Inglis. G.D., and Boland, G.J. 1990. The microflora of bean and rapeseed petals and the 
influence of the microflora of bean petals on white mold. Can. J. Plant Pathol. 12:129-
134. 
102. Inglis. G.D.. and Boland. G.J. 1992. Evaluation of filamentous fungi isolated from 
petals of bean and rapeseed for suppression of white mold. Can. J. Microbiol. 38:124-
129. 
103. Janisiewicz, W.J. 1988. Biological control of diseases of fruits, p. 153-165 In: 
Biocontrol of Plant Diseases. Vol. II. Mukeiji, K.G.. and Garg, K.L. (eds.). CRC Press. 
Boca Raton, Florida. 
41 
104. Janisiewicz, W.J. 1991. Control of postharvest disease of fruits with biocontrol agents, 
p. 56-68 In: The Biological Control of Plant Diseases. Proceedings of International 
Seminar on Biological Control of Plant Diseases and Virus Vectors. Komada. H.. and 
Kiritani, K. (eds.). ASPAC. Taiwan. 
105. Jeffries, P., and Young, T.W.K. 1994. Interfungal parasitic relationships. CAB 
International. Wallingford, England. 296 pp. 
106. Jones. D. 1974. Ultrastructure of the stipe and apothecium of Sclerotinia sderotiorum. 
Trans. Br. Mycol. Soc. 63:386-389. 
107. Jurke, C., Johnson, J., Buzza, G., Rimmer, R., Huskovska, T., and Stoenescu. F. 1998. 
Apetalous canola- an alternative for avoiding Sclerotinia sderotiorum infection. 
Proceedings of the 10"' International Sclerotinia workshop. Fargo, ND. 
108. Kerr, A., and Htay, K. 1974. Biological control of crown gall through bacteriocin 
production. Physiol. Plant Pathol. 4:37-44. 
109. Kim. H.S., Sneller, C.H., and Diers. B.W. 1999. Evaluation of soybean cultivars for 
resistance to Sclerotinia stem rot in field environments. Crop Sci. 39:64-68. 
110. Knudsen, G.R., and Eschen. D.J. 1991. Potential for biocontrol Sclerotinia 
sderotiorum through colonization of sclerotia by Trichoderma harzianum. Plant Dis. 
75:466-470. 
111. Kohn. L.M. 1979. A monographic revision of the genus Sclerotinia. Mycotaxon 9:365-
444. 
112. Kohn. L.M.. Stasovski. E.. Carbone. E.. Royer, I., and Anderson. J.B. 1991. Mycelial 
incompatibility and molecular markers identify genetic variability in field populations 
oiSclerotinia sderotiorum. Phytopathology 81:480-485. 
113. Kosasih. B.D., and Willets. H.J. 1975. Ontogenetic and histochemical studies of the 
apothecium of Sclerotinia sderotiorum. Arm. Bot. 39:185-191. 
114. Le Toumeau. D. 1979. Morphology, cytology, and physiology of species of Sclerotinia 
in culture. Phytopathology 69:887-890. 
115. Lindow. S.E. 1987. Competitive exclusion of epiphytic bacteria by ice" Pseudomonas 
syringae mutants. Appl. Environ. Microbiol. 53:2520-2527. 
116. Loper. J.E. 1988. Role of fluorescent siderophore production in biological control of 
Pythium ultimum by Pseudomonas fluorescens strain. Phytopathology 78:166-172. 
42 
117. Lu, G.H., Scelonge, C., Wang, L.J., Norian, L., Manl. M., Parsons. M.. Cole. G.. Yalpani, 
N.. Bao. Z.M., Heller, J., Kulisek, E., Schmidt, H., Tagliani, L., Duvick. T.. and Sidney. 
D. 1998. Expression of oxalase oxidase in sunflower to combat Sclerotinia disease. 
Proceedings of the lO"* International Sclerotinia Workshop. Fargo. ND. 
118. Lumsden, R.D. 1979. Histology and physiology of pathogenesis in plant diseases 
caused by Sclerotinia species. Phytopathology 69:890-896. 
119. Manandhar, J.B., Kull, L.S., Pedersen, W.L., and Hartman. G.L. 1998. Aggressiveness 
of Sclerotinia sclerotiorum isolates and evaluation of soybean resistance to Sclerotinia 
stem rot. Phytopathology 88.857 
120. Manocha. M.S. 1991. Physiology and biochemistry of biotrophic mycoparasitism. p. 
273-300 In: Handbook of Applied Mycology. Vol. I. Soil and Plants. Arora. D.K.. Rai, 
B. Mukeiji. K.G., and Knudsen, G.R. (eds.). Marcell Dekker. New York. 
121. Manocha, M.S., and Lee, K.Y. 1971. Host-parasite relations in mycoparasite. I. Fine 
structure of host, parasite, and their interface. Can. J. Bot. 49:1677-1681. 
122. McCredie, T.A., and Sivasithamparam. K. 1985. Fungi mycoparasitic on sclerotia of 
Sclerotinia sclerotiorum in some western Australian soils. Trans. Br. Mycol. Soc. 
84:736-739. 
123. McLaren, D.L., Huang, H.C., Kozub, G.C., and Rimmer. S.R. 1994. Biological control 
oi Sclerotinia wilt of sunflower with Talaromyces flavus and Coniothyrium minitans. 
Plant Dis. 78:231-235. 
124. McLoughlin. T.J., Quirm. J.P.. Bettermann, A., and Bookland. R. 1992. Pseudomonas 
cepacia suppression of sunflower wilt fungus and role of antifungal compounds in 
controlling the disease. Appl. Environ. Microbiol. 58:1760-1763. 
125. Menendez, A.B., and Godeas, A. 1998. Biological control of Sclerotinia sclerotiorum 
attacking soybean plants. Biodegradation of the cell walls of this pathogen by 
Trichoderma harzianum (BAFC 742). Mycopathologia 142:153-160. 
126. Merriman. P.R. 1976. Survival of sclerotia of Sclerotinia sclerotiorum in soil. Soil 
Biol. Biochem. 8:385-389. 
127. Mischke. S. 1998. Mycoparasitism of selected sclerotia-forming fimgi by 
Sporidesmium sclerotivorum. Can. J. Bot. 76:460-466. 
128. Mischke, S., and Adams, P.B. 1996. Temporal and spatial factors affecting germination 
of macroconidia of Sporidesmium sclerotivorum. Mycologia 88:271-277. 
43 
129. Mischke, S., Mischke, C.F., and Adams, P.B. 1995. A rind-associated factor from 
sclerotia of Sclerotinia minor stimulates germination of a mycoparasite. Mycol. Res. 
99:1063-1070. 
130. Mueller, D.S.. Hartman, G.L., and Pedersen, W.L. 1998. Biology of seed transmission 
of White mold of soybean. Phytopathology 88:S65. 
131. Mueller, J.D., Cline, M.N.. Sinclair, J.B., and Jacobsen, B.J. 1985. An in vitro test for 
evaluating efficacy of mycoparasites on sclerotia of Sclerotinia sclerotiorum. Plant Dis. 
69:584-587. 
132. Munkvold, G.P., Tylka, G.L., and Yang, X.B. 1996. Soybean disease-resistant varieties 
for Iowa. Iowa State Univ. Ext. Bull. Pm-1649. Ames, lA. 16 p. 
133. Nelson, B., Duval, D.L., and Wu, H.L. 1988. An in vitro technique for large-scale 
production of sclerotia of Sclerotinia sclerotiorum. Phytopathology 78:1470-1472. 
134. Nelson, E.B., and Craft, C.M. 1991. Introduction and establishment of strains of 
Enterobacter cloacae in golf course turf for biological control of dollar spot. Plant Dis. 
75:510-514. 
135. Newton, C.H., and Sequeira, L. 1972. Possible sources of resistance in lettuce to 
Sclerotinia sclerotiorum. Plant Dis. Rep. 56:875-878. 
136. Nigam. N.. and Mukerji. K.G. 1988. Biological control- concepts and practices, p. 1-13 
In: Biocontrol of plant diseases. Vol. I. Mukeiji. K.G.. and Garg. K.L. (eds.). CRC 
Press. Boca Raton, Florida. 
137. Novak. L.A.. and Kohn, L.M. 1988. Electrophoresis of major proteins in stromata of 
members of the Sclerotiniaceae. Trans. Br. Mycol. Soc. 91:639-647. 
138. Odum. E.P. 1953. Fundamentals of Ecology. W.B. Saunders. Philadelphia. 384 pp. 
139. Oedjijono, M.A.L., and Dragar, C. 1993. Isolation of bacteria antagonistic to a range of 
plant pathogenic fungi. Soil Biol. Biochem. 25:247-250. 
140. Oplinger. E.S. 1996. No-till practices for efficient Northern US soybean production. 
Proceedings of the 1996 Midwest Soybean Conference. Section 9: No-till production. 
Des Moines, lA. August 9-12, 1996. 
141. Papavizas, G.C. 1985. Trichoderma and Gliocladium: Biology, ecology, and potential 
for biocontrol. Ann. Rev. Phytopathol. 23:23-54. 
142. Partyka. R.E., and Mai, W.F. 1958. Nematicides in relation to sclerotial germination in 
Sclerotinia sclerotiorum. Phytopathology 48:519-520. 
44 
143. Partyka. R.E., and Mai, W.F. 1962. Effects of environment and some chemicals on 
Sclerotinia sclerotiorum in laboratory and potato field. Phytopathology 52:766-770. 
144. Pedersen, W.L. 1998. White mold biology and management. Proceedings of the 1998 
Midwest Soybean Conference. Section 2: Disease management. Des Moines. IA 
August 7-9, 1998. 
145. Pierson, L.S. Ill, and Pierson, E.A. 1996. Phenazine antibiotic production in 
Pseudomonas aureofasciens: role in rhizosphere ecology and pathogen suppression. 
FEMS Microbiology Letters 136:101-108. 
146. Pratt, R.G. 1992. Sclerotinia. p. 74-78 In: Methods for Research on Soil-Borne 
Phytopathogenic Fungi. Singleton, L.L., Mihail, J.D., and Rush, C.M. (eds.). APS 
Press, Saint Paul, MN. 
147. Purdy, L.H. 1958. Some factors affecting penetration and infection by Sclerotinia 
sclerotiorum. Phytopathology 48:605-609. 
148. Purdy, L.H. 1979. Sclerotinia sclerotiorum: history, diseases and symptomatology. 
host range, geographic distribution, and impact. Phytopathology 69:875-880. 
149. Radke. V.L., and Grau, C.R. 1986. Effects of herbicides on carpogenic germination of 
Sclerotinia sclerotiorum. Plant Dis. 70:19-23. 
150. Rai, N.J.. and Dawan, S. 1976. Studies on the purification of toxic metabolite produced 
by Sclerotinia sclerotiorum causing white rot of crucifers. Indian Phytopathol. 29:407-
411. 
151. Sansford. C.E., Coley-Smith, J.R.. and Parfitt, D. 1987. Sporidesmium sclerotivorum 
on sclerotia of Sclerotinia. Plant Pathol. 36:411-412. 
152. Schwartz, H.F., and Steadman. J.R. 1978. Factors affecting sclerotium populations of. 
and apothecium production by, Sclerotinia sclerotiorum. Phytopathology 68:383-388. 
153. Sinclair. J.B.. and Backman. P.A. 1989. Compendium of soybean diseases. 3"^ ed. APS 
Press. St Paul, MN. 106 pp. 
154. Singh, D. 1991. Biocontrol oiSclerotinia sclerotiorum (Lib.) de Bary by Trichoderma 
harzianum. Tropical Pest Management 37:374-378. 
155. Singh. J., and Faull. J.L. 1988. Antagonism and biological control, p. 167-177 In: 
Biocontrol of plant diseases. Vol. II Mukeiji, K.G., and Garg, K.L. (eds.). CRC Press. 
Boca Raton. Florida. 
45 
156. Smith. A.M. 1972a. Biological control of fungal sclerotia in soil. Soil Biol. Biochem. 
4:131-139. 
157. Smith, A.M. 1972b. Nutrient leakage promotes biological control of dried sclerotia of 
Sclerotium rolfsii Sacc. Soil Biol. Biochem. 4:125-129. 
158. Smith, F.D., Pjipps, P.M., and Stipes, R.J. 1991. Agar plate, soil plate, and field 
evaluation of fluazinam and other fungicides for control of Sclerotinia minor on 
peanut. Plant Dis. 75:1138-1143. 
159. Steadman, J.R. 1979. Control of plant diseases caused by Sclerotinia species. 
Phytopathology 69:904-907. 
160. Subbarao, K.V., S.T. Koike, and J.C. Hubbard. 1996. Effects of deep plowing on the 
distribution and density of Sclerotinia minor sclerotia and lettuce drop incidence. Plant 
Dis. 80:28-33. 
161. Sumner. J.L., and Colotelo. N. 1970. The fatty acid composition of sclerotia. Can. J. 
Microbiol. 16:1171-1178. 
162. Sundheim. L.. and Tronsmo. A. 1988. Hyperparasites in biological control, p. 53-69 In: 
Biocontrol of Plant Diseases. Vol. I Mukeiji. K.G., and Garg, K.L. (eds.). CRC Press. 
Boca Raton, Florida. 
163. Sutton. D.C.. and Deverall, B.J. 1983. Studies on infection of bean (Phaseolus 
vulgaris) and soybean {Glycine max) by ascospores of Sclerotinia sclerotiorum. Plant 
Pathol. 32:251-261. 
164. Sutton. J.C.. and Peng, G. 1993. Manipulation and vectoring of biocontrol organisms to 
manage foliage and fruit diseases in cropping systems. Ann. Rev. Phvtopathol. 31:473-
93. 
165. Suzui. T.. and Kobayashi. T. 1972. Dispersal of ascospores of Sclerotinia sclerotiorum 
(Lib.) de Bary on kidney bean plants. Part I. Dispersal of ascospores from a point 
source of apothecia. Hokkaido National Agric. Exp. Stn. Res. Bulletin 101. (English 
summary). 137-151 p. 
166. Thomashow. L.S., and Weller. D.M. 1996. Molecular basis of pathogen suppression by 
antibiosis in the rhizosphere. p. 80-103 In: Principles and Practices of Managing 
Soilbome Plant Pathogens. Hall. R. (ed.) APS Press, St. Paul, MN. 
167. Tronsmo. A. 1996. Trichoderma harzianum in biological conttol of fungal diseases, p. 
211-236 In: Principles and Practices of Managing Soilbome Plant Pathogens. Hall. R. 
(ed.) APS Press. St. Paul, MN 
46 
168. Trutmann, P., and Keane, P.J. 1990. Trichoderma koningii as a biological control agent 
for Sclerotinia sclerotiorum in southern Australia. Soil Biol. Biochem. 22: 43-50. 
169. Trutmann, P., Keane, P.J., and Merriman, P.R. 1982. Biological control o^Sclerotinia 
sclerotiorum on aerial parts of plants by the hyperparasite Coniothyrium minitans. 
Trans. Br. Mycol. Soc. 78:521-529. 
170. Tu. J.C. 1980. Gliocladium virens, a destructive mycoparasite of Sclerotinia 
sclerotiorum. Phytopathology 70:670-674. 
171. Tu, J.C. 1989. Modes of primary infection caused by Sclerotinia sclerotiorum in navy 
bean. Microbios 57:85-91. 
172. Decker, F.A., Ayers W.A., and Adams, P.B. 1978. A new Hyphomycete on sclerotia of 
Sclerotinia sclerotiorum. Mycotaxon 7:275-282. 
173. Uecker, F.A., Ayers W.A., and Adams, P.B. 1980. Teratosperma oligocladum. a new 
hyphomycetous mycoparasite on sclerotia of Sclerotinia sclerotiorum, S. trifoliorum, 
and S. minor. Mycotaxon 10:421-427. 
174. Uecker. F.A., Ayers W.A.. and Adams, P.B 1982. Laterispora brevirama. a new 
hyphomycete on sclerotia of Sclerotinia minor. Mycotaxon 14:491-496. 
175. Wang. S.Y.C., and Le Toumeau. D. 1971. Carbon sources, growth, sclerotium 
formation and carbohydrate composition of Sclerotinia sclerotiorum. Arch. Mikrobiol. 
80:219-233. 
176. Weete. J.D.. Weber, D.J.. and Le Toumeau, D. 1970. Hydrocarbons, free fatty acids, 
and amino acids of sclerotia of Sclerotinia sclerotiorum. Arch. Mikrobiol. 75:59-66. 
177. Wegulo, S.N. 1997. Soybean cultivar responses to and epidemiological studies of 
Sclerotinia sclerotiorum. Ph.D. Dissertation. Iowa State Univ. Ames, I A. 130 pp. 
178. Weller. D.M. 1988. Biological control of soilbome plant pathogens in the rhizosphere 
with bacteria. Arm. Rev. Phytopathol. 26:379-407. 
179. Wells. H.D. 1988. Trichoderma as a biocontrol agent, p. 71-82 In: Biocontrol of Plant 
Diseases. Vol. I Mukeiji, K.G., and Garg, K.L. (eds.). CRC Press. Boca Raton. Florida. 
180. Whipps, J.M., Budge, S.P., and Mitchell, S.J. 1993. Observations on sclerotial 
mycoparasites of Sclerotinia sclerotiorum. Mycol. Res. 97:697-700. 
181. Willets, H.J. 1997. Morphology, development and evolution of stromata/sclerotia and 
macroconidia of the Sclerotiniaceae. Mycol. Res. 101:939-952. 
47 
182. Yang, X.B., Workneh, F., and Lundeen, P. 1998. First report of sclerotium production 
by Sclerotinia sclerotiorum in soil on infected soybean seeds. Plant Dis. 82:264. 
183. Yuen. G.Y., Craig, M.L., Kerr, E.D., and Steadman, J.R. 1994. Influences of 
antagonistic population levels, blossom development stage, and canopy temperature on 
the inhibition of Sclerotinia sclerotiorum on dry edible bean by Erwinia herbirola. 
Phytopathology 84:495-501. 
184. Zazzerini, A., and Tosi, L. 1985. Antagonistic activity of fungi isolated from sclerotia 
of Sclerotinia sclerotiorum. Plant Pathol. 34:415-421. 
185. Zazzerini, A., Tosi, L., and Rossi, J. 1987. Antagonistic effects of Bacillus spp. on 
Sclerotinia sclerotiorum sclerotia. Phytopath. Medit. 26:185-187. 
186. Zhou. T. and Boland, G.J. 1998. Biological control strategies fox Sclerotinia Diseases, 
p. 127-156 In: Plant-Microbe Interactions and Biological Control. Boland, G.J. and 
Kuykendall, L.D. (eds.). Marcell Dekker, New York. 
187. Zhou. T.. and Reeleder. R.D. 1990. Selection of strains of Epicoccum purpurascens for 
tolerance to fungicides and improved biocontrol of Sclerotinia sclerotiorum. Can. J. 
Microbiol. 36:754-759. 
188. Zhou, T.. Reeleder, R.D., and Sparace, S.A. 1991. Interactions between Sclerotinia 
sclerotiorum and Epicoccum purpurascens. Can. J. Bot. 69:2503-2510. 
48 
CHAPTER III. CHARACTERIZATION OF MYCOFLORA 
PARASITIC TO SCLEROTIA OF SCLEROTINIA SCLEROTIORUM IN 
IOWA 
A paper to be submitted to the 
Journal of the Iowa Academy of Science 
L.E. del Rio, C.A. Martinson, and L.H. Tiffany 
A. Abstract 
A total of 810 soil samples from 55 Iowa counties were baited with gnotobiotic 
sclerotia of Sclerotinia sclerotiorum and incubated for four weeks. Retrieved sclerotia were 
surface disinfested with NaOCl and incubated for four weeks on moist sterile filter paper. 
Microorganisms growing on the sclerotial surface were identified and pathogenicity tests 
were performed. Sporidesmium sclerotivorum and Coniothyrium minitans were detected for 
the first time in Iowa from ten and 12 counties, respectively. Trichoderma hamatum. T. 
harziamim. T. koningii, T. longihrachiatum, T. polysporum, T. pseudokoningii and T. viride 
were retrieved from sclerotia. This is the first report on the parasitic association of T. 
polysporum with the sclerotia of S. sclerotiorum. Gliocladium roseum, G. virens and G. 
viride were also isolated. Fusarium and Penicillium species were detected mainly on 
sclerotia attacked by other mycoparasites. Isolates of Trichoderma, Gliocladium, Fusarium. 
and Pcnicillium were usually weak parasites of the sclerotia in pathogenicity tests. Their role 
as secondary invaders in survival of the sclerotia of S. sclerotiorum is discussed. 
B. Introduction 
Sclerotinia stem rot (SSR) is caused by Sclerotinia sclerotiorum (Lib.) de Bary (11), 
and is considered the second most damaging disease affecting soybeans in the United States 
(49). In 1997 SSR epidemics caused yield losses estimated at US$ 2.46 x 10^, based on a 
49 
price of US$ 7/bushel, (48). The disease is also known as White mold of soybeans. The 
pathogen produces sclerotia as the survival structure (33). 
The sclerotium is a black, fleshy structure rich in carbohydrates, proteins and organic 
acids (29,44,45). Overwintered sclerotia may germinate by producing one or several 
apothecia or may remain dormant for several years (3, 12, 14). One apothecium produces an 
average of 2.3 x 10^ ascospores in a period of 9 days, with a daily production of 2.5 x 10"'' 
ascospores (36). These ascospores are the primary inoculum for soybeans (9, 22). 
Most soybean commercial varieties used in the US soybean production areas are 
susceptible or only moderately resistant to the disease (16, 50). Cultural practices that foster 
higher yield production also result in more conducive environments for development of SSR 
epidemics (23). 
Biological control agents (BCA) that destroy the sclerotia of S. sclerotiorum can 
have a large impact on the onset of SSR epidemics in soybean; the destruction of one 
sclerotium represents a reduction of millions of potentially infective ascospores (13. 36). A 
single soil infestation with the fungus Sporidesmium sclerotivorum Uecker Adams et Ayers 
reduced the incidence of SSR by 50 to 60% in experimental soybean plots in Iowa (15). The 
effectiveness of Coniothyrium miniians Campbell as a sclerotial mycoparasite of 5". 
scleroiionim was demonstrated recently (20). Both S. sclerotivorum and C. miniians. the 
most effective mycopathogens of Sclerotinia sp., have been found in the US and in many 
other regions of the world (1,4, 5,10,35). They have not previously been reported from 
Iowa. More than 40 microorganisms have been observed as parasites of the sclerotia of SI 
scleroiionim. including fungi and bacteria known to occur in Iowa. The isolation and 
identification of soil borne parasites of sclerotia of S. sclerotiorum will describe the pool of 
50 
potential biological control agents adapted to Iowa soils. Detection of the highly 
mycopathogenic S. sclerotivorum and C. minitans could provide isolates from Iowa for 
evaluation as control agents of SSR. of soybean. The objectives of this study were to 
determine whether Sporidesmium sclerotivorum and Coniothyrium minitans are indigenous 
to Iowa soils, and to identify any other common mycoparasites of the sclerotia of Sclerotinia 
sclerofiorum in Iowa soils. 
C. Materials and Methods 
A total of 810 soil samples were arbitrarily taken from a larger number of samples 
submitted to the Plant Disease Clinic at Iowa State University for Soybean Cyst Nematode 
(SCN) screening were subsampled for this study. The soil samples came from 55 counties 
throughout the state of Iowa. The soil in a sample was homogenized and large pieces of 
plant debris removed by passing it through a wire screen with 2x2 mm openings. The soil 
sample was returned to the original paper sample bag and stored at room temperature. After 
a subsample was processed for SCN, the residual soil from each sample was used for this 
study. Samples were identified using the sample number assigned by the Clinic. Two 15 mm 
X 1 GO mm diameter glass petri dishes were filled with soil from each sample and moistened 
to near field capacity with distilled water. 
Bait prcduction: The medium for production of sclerotia of 5. sclerotionm was 
prepared by mixing 60 g of white silica sand and 3 g of yellow com meal in a 125 ml 
erlenmeyer flask. The mixture was moistened with 16 ml of a 0.1 M sodium phosphate 
buffer at pH 5.5 (S. Mischke. pers. commun.). The flask was plugged with cotton, capped 
with aluminum foil, and autoclaved for 40 minutes at I21°C. The medium was loosened 
with a sterile spatula before seeding with mycelial plugs from a ten-day-old culture of 5". 
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scleraliorum on potato dextrose agar (PDA). The fungus was incubated at 21° C for four 
weeks with daily 12-hour periods of dark and light. Sclerotia were retrieved by wet sieving 
with running tap water, surface disinfested in 0.5% NaOCl for one minute, rinsed with 
sterile water and dried for use as baits and in pathogenicity tests. 
Sample incubation and retrieval of antagonists: Ten sclerotia were mixed with the 
soil in each petri dish and the samples incubated in the dark for four weeks at 21''C. After 
the incubation period the sclerotia were retrieved by wet sieving, surface disinfested in 0.5% 
NaOCl for 30 seconds, rinsed with sterile water and distributed over moist, sterile filter 
paper in a petri dish. The dishes were sealed with Parafilm'^ to prevent desiccation and 
incubated for another four weeks at 18°C with daily 12-hour periods of light. At the end of 
this period, each sclerotium was examined at 30x with a stereoscopic microscope and/or at 
100-250X with a compoimd microscope. Any microorganisms growing on the surface of the 
sclerotia were transferred to PDA in petri dishes. Pure cultures were stored on PDA at 4"C. 
Dried samples of each identified species were deposited in the Ada Hayden Herbarium at 
Iowa State University. The works of Rifai (34) and Bissett (8) were used to identify the 
Trichoderma isolates to species level. 
Pathogenicity tests: Isolates of species of Trichoderma and Gliocladium that 
appeared to be aggressive colonizers of the sclerotial baits were selected for pathogenicity 
tests. Ten surface sterilized sclerotia were rubbed on the surface of a young sporulating 
culture of the test fungus, placed on moist sterile filter papers in a petri dish, and incubated 
for four weeks at 18°C with daily 12-hour periods of light. The sclerotia were then placed in 
petri dishes containing 2% water agar and incubated for seven days at 18°C to determine the 
viability of the sclerotia. A sclerotium was considered viable when typical hyphae of 5. 
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sclerotiorum were observed growing in the agar. The test isolates were evaluated by the 
number of sclerotia colonized and viability of the infected sclerotia. 
D. Results 
Antagonists retrieved: Soil samples were processed from 54 of the 99 counties in 
Iowa. Sporidesmium sclerotivorum was detected in soil samples from ten counties with most 
of the positive counties located in an east-west corridor across central Iowa (Figure 3.1). 
Two out of 118 soil samples from Boone county were positive for the presence of S. 
sclerotivorum (Table 3.1). In four of the 11 samples from which Sporidesmium was 
detected, only one of the sclerotial baits en each dish was infected by the mycoparasite. 
Sporidesmium was observed growing on 78% of the sclerotial baits from sample 79360 from 
Clinton county (Table 3.1). Except for the soil sample from Clinton county, 20% or fewer of 
the sclerotial baits yielded Sporidesmium. 
Sclerotia attacked by Sporidesmium harbored other fungi like Gliocladium sp. 
(sample 78060 from Kossuth), Fusarium solani and Coniothyrium minitans (sample 79360 
from Clinton). All other sclerotia infected by Sporidesmium also yielded Fusarium solani 
and Pscudomonas sp. as contaminants when S. sclerotivorum macroconidia were plated on 
SM-4 medium, which supports growth of S. sclerotivorum. When present at the same 
sclerotia with S. sclerotivorum. Gliocladium sp. and C. minitans were visible to the unaided 
eye on the surface of infected sclerotia. At the time of evaluation, S. sclerotivorum hyphae 
covered the infected sclerotia and had spread into the filter paper, but without colonizing 
other sclerotia (Figure 3.2 A). 
Coniothyrium minitans was retrieved from samples from 12 counties, most of them 
located in the northern half of Iowa (Figure 3.3). Infected sclerotia had numerous black 
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pycnidia developing on their surfaces with sparse or no mycelial growth around or on the 
infected sclerotia (Figure 3.2 B). Coniothyrium attacked only one or two sclerotial baits in a 
sample, except for sample 78293 from Calhoun county, which had five of the 20 sclerotial 
baits infected by C. minitam (Table 3.2). 
Trichoderma species was the predominant group of fungal parasites observed 
growing on the sclerotial baits retrieved from the soil samples (Figure 3.2 C). A total of 122 
soil samples from 35 counties distributed throughout Iowa (Figure 3.4) contained parasitic 
Trichoderma spp. 
Seven Trichoderma species were identified and 18 isolates remain unidentified to 
species (Table 3.3). Most Trichoderma isolates grew as tiny patches on the surface of the 
sclerotial bait, with the exception of some isolates of T. harzianum Rifai, T. koningii 
Oudem.. and T. polysporum (Link ex Pers.) Rifai. Whenever present, Trichoderma was 
observed growing on an average of 11% of the sclerotia retrieved (Table 3.3). Trichoderma 
harzianum Rifai was present in 74% of the counties where Trichoderma was detected, and 
constituted 36% of the total number of Trichoderma isolates retrieved in this study (Table 
3.3). T. harzianum was the only species where some isolates covered nearly the entire 
sclerotial bait. The counties from which a parasitic T. harzianum was isolated were 
distributed throughout the state. 
Trichoderma koningii was the second most common species. T. koningii was 
detected in samples from 46% of the counties where Trichoderma was present, and 
constituted 24% of the Trichoderma isolates retrieved. Trichoderma viride Pers. Ex Gray 
was detected only in one sample each from Palo Alto and Greene counties. T. viride grew as 
a small patch on only one sclerotial bait. 
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r. pseudokoningii Rifai was detected in one soil sample from both Calhoun county 
and Pocahontas county in northwestern Iowa (Figure 3.4). 
Trichoderma longibrachiatum Rifai was detected in soil samples from Cerro Gordo and 
Hardin counties in north central Iowa, and also from Palo Alto and Pocahontas counties in 
northwestern Iowa. Trichoderma hamatum (Bonord) Bain was retrieved from single soil 
samples from Boone and Story counties in central Iowa, Clinton, Johnson and Muscatine in 
east central Iowa, Henry in southeast Iowa, Fremont in southwestern Iowa and Calhoun, 
Palo Alto and Pocahontas in northwestern Iowa. 
Trichoderma polysporum was observed colonizing 16% of the sclerotial baits 
retrieved from 12 soil samples from 10 counties. The counties with soil samples yielding T. 
polysporum were Buena Vista, Chickasaw, Clinton, Emmet, Hamilton, Hardin, Henry. 
Shelby. Story, and Webster. T. polysporum was observed colonizing 50% of the sclerotial 
baits retrieved from soil sample 78408 from Emmet county. 
A total of 18 isolates o^ Trichoderma isolated from sclerotial baits in soil samples 
from Boone. Cerro Gordo, Greene, Henry, Kossuth, Liim. Lucas, Marshall. Muscatine, Palo 
Alto. Pocahontas, Polk, and Webster counties were not identified to species. 
A total of 78 isolates of Gliocladium (Figure 3.2 D) were retrieved from the surface 
of sclerotial baits from soil samples from 28 counties. Most of the counties were located in 
the central, north-central and northwestern regions of Iowa (Figure 3.5). Three species of 
Gliocladium were identified, viz. G. roseum (LinkrFr.) Bainier; G. virens Miller Giddens ei 
Foster; and G. viride Matr. Gliocladium roseum was the most common species constituting 
73% of the Gliocladium isolates retrieved (Table 3.4). The 23 counties yielding G. roseum 
from soil samples were Boone, Buchanan, Buena Vista, Calhoun, Carroll, Cerro Gordo. 
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Chickasaw, Clay, Clinton, Emmet, Fremont, Greene, Guthrie, Hamilton. Hanckok. Henry. 
Humboldt, Kossuth, Muscatine, Palo Alto, Pocahontas, Story, and Union. 
Gliocladium virens was detected in soil samples from Boone. Buchanan. Calhoun. 
Greene, and Johnson counties. G. viride was observed as a parasite of one sclerotium from 
one sample from Kossuth county. The eight isolates of Gliocladium that were not identified 
to species were from Boone, Grundy, Henry, Iowa, Palo Alto. Pocahontas. Webster, and 
Worth counties. 
All Gliocladium isolates colonized the sclerotial baits more aggressively than any 
Trichoderma isolate. An average of 12% of the sclerotial baits in a soil sample had visible 
colonies of Gliocladium growing on their surface; however 54% of the sclerotial baits in soil 
sample 7822 from Kossuth county were colonized by G. roseum. The highest frequency of 
soil samples infested with Gliocladium were from Boone. Calhoun, Emmet, and Kossuth 
counties, with 14. 10. 7. and 6 isolates per county, respectively 
A total of 47 isolates of Fusarium spp. were retrieved by sclerotial baits from soil 
samples from 22 counties; all Fusaria were detected as co-inhabitants of sclerotia infected 
by other mycoparasites. Fusarium oxysporum (Schlecht.) Sny. et Hans, represented 28% of 
the Fusarium isolates and F. solani constituted 23% of the isolates. Most of the Fusarium 
isolates, as well as numerous bacterial colonies, were detected during the isolation and 
purification of other mycoparasites, rather than by visual inspection of infected sclerotia. 
Twelve isolates of Penicillium spp. were retrieved from sclerotial baits from nine counties. 
When present, the Penicillium species were growing in small areas on the surface of the 
sclerotium. usually growing alone but in a few samples with Trichoderma spp. Unidentified 
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mites and nematodes were also observed feeding on sclerotia colonized by other 
microorganisms. 
Pathogenicity tests; A total of 40 isolates of Trichoderma were evaluated for their 
parasitic activity on sclerotia of S. sclerotiorum (Tables 3.5 and 3.6). The most effective 
isolates were T. harzianum isolate 73 (Table 3.5) and T. viride isolate 039 (Table 3.6). Both 
isolates colonized 100% of the sclerotia and killed 30% of them. Trichoderma hamatum. 
isolate 188, colonized 70% of the sclerotia and killed 10% of them. Nine of the 17 isolates 
of T. harzianum colonized more than 50% of the sclerotia, but killed an average of only 10% 
of them. 
Five isolates of T. koningii and two isolates of T. polysporum colonized more than 
50% of the sclerotia, but when viability tests were made, 90% of the sclerotia were still 
viable (Table 3.6). 
Both isolates of T. viride colonized more than 90% of the test sclerotia. Isolate 39 
from Palo Alto county killed 30% of the sclerotia, but isolate 191 from Greene county was 
non-lethal (Table 3.6). Only one of the five unidentified Trichoderma isolates tested 
colonized more than 50% of the sclerotia. and only one of the test sclerotia was killed (Table 
3.6). 
A total of 22 Gliocladium roseum isolates, seven isolates of G. virens and two 
isolates of G. viride were evaluated (Table 3.7). Nine isolates of G. roseum colonized more 
than 50% of the sclerotia, killing an average of 19%. The most effective isolates were 021 
from Emmet, 087 from Hamilton, 111 from Kossuth, and 274 from Worth county (Table 
3.7). These isolates colonized at least 90% of the test sclerotia, and killed an average of 25% 
of them. 
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Pathogenicity tests were also conducted for 22 isolates of Fusarium spp., four 
isolates of Penicillium spp., and four unidentified dematiaceous fungi (Table 3.8). None of 
the Fusarium isolates killed more than 20% of the sclerotia. Fusarium oxysporum grew on 
45% of the sclerotia inoculated, but only isolates DIG and 045 were able to kill any of the 
infected sclerotia. The most effective antagonist was F. oxysporum isolate 010 from Cerro 
Gordo county, which colonized 70% of the sclerotia, killing 20% of the sclerotia infected 
(Table 3.8). 
All isolates of Penicillium spp. colonized an average of more than 80% of the 
sclerotia (Table 3.8). Sclerotia inoculated with Penicillium isolates showed an average 
mortality rate of 20%. 
E. Discussion 
The identification of Sporidesmium sclerotivorum isolates is the basis for the first 
report on the presence of this mycoparasite in Iowa. Although less than 17% of the scieroiial 
baits were infected with S. sclerotiorum, the effectiveness of this mycoparasite as a 
biocontrol agent was demonstrated when more than half of the baits became infected two 
weeks after the initial observations. The coarse, dark brown hyphae and macroconidia 
typical of S. sclerotivorum (42) were used as criteria for its identification. The ability to use 
a colonized sclerotium as a source of energy while "hunting" new healthy sclerotia has been 
documented before (2,6). 
Farmers who submitted the soil samples that yielded S. sclerotivorum, were 
contacted and interviewed. These farmers have not had problems with Sclerotinia stem rot in 
the fields from which the soil samples were taken. Two farmers indicated that they did 
experience some losses due to the disease in other fields, but had not have Sclerotinia 
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epidemics in the fields where Sporidesmium was detected from soil samples. Prior cropping 
histor>' or farming activities provided few clues to why S. sclerotivorum, which grows only 
on the sclerotia of a few fungi (30), could survive and live in these soils. 
Coniothyrium minitans was detected in soil samples from twelve counties, the first 
report on the presence of this mycoparasite in Iowa. Most of the isolates were detected in 
samples from northern Iowa counties. Coniothyrium minitans has been characterized as a 
soil inhabitant of temperate regions (46), Populations of C minitans in Iowa soil are low 
based on the frequency of sclerotial bait infections by the mycoparasite. but populations are 
not greatly different from other research reports (25). 
Coniothyrium minitans isolates were not tested for pathogenicity because all 
sclerotial baits infected by C. minitans were dead by the time the readings were taken. 
Coniothyrium minitans produces chitinases and P-glucanases that macerate the sclerotial 
cells killing the sclerotia (28). Isolates of S. sclerotivorum were difficult to obtain in pure 
culture, therefore pathogenicity tests were not performed. Both S. sclerotivorum and C 
minitans are well documented as parasites of sclerotia of S. sclerotiorum (4. 6. 19. 20. 24. 
41). 
The mycoparasites S. sclerotivorum and C minitans are probably more widely 
distributed in the state of Iowa than our results indicate. The use of portions of soil samples 
intended for nematode detection may have resulted in an underestimation of the presence of 
S. sclerotivorum and C. minitans in Iowa soils. The highest concentrations of macroconidia 
of 5. sclerotivorum have been found close to the soil surface, where most of the sclerotia of 
the host flmgi are located (6, 18). Sampling for SCN usually involves sampling to 15 cm or 
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deeper. The subsamples tested for antagonists to S. sclerotiorum sclerotia involved only 
about 200 cm^ of soil, a small sample. 
It is not surprising that Trichoderma species were the most frequent sclerotial 
parasites retrieved. They are mycoparasitic on numerous fungi and several species of this 
genus are also considered to be very competitive and aggressive saprophytes (34). 
Trichoderma hamatum, T. harzianum, T. koningii, T. pseudokoningii, and T. viride were 
reported earlier as sclerotial mycoparasites of Sclerotinia spp. (17, 21, 24.26, 31. 38, 39). T. 
hamatum, T. harzianum, T. koningii and T. polysporum have also been reported as soil 
inhabitants in Iowa (32,37,43). Trichoderma polysporum was observed growing on the 
surface of sclerotial baits. The pathogenicity test indicated that T. polysporum can colonize a 
healthy sclerotium and kill it. This is the first report of an association of T. polysporum with 
sclerotia of Sclerotinia sclerotiorum. 
In a very few instances more than one Trichoderma species was observed colonizing 
a sclerotial bait. This could be due to antagonistic effects among species, that has been 
referred to as "competitive strategy" (47). 
Gliocladium spp. constituted the second most frequent genus of fungi retrieved from 
the sclerotial baits. The Gliocladium spp. detected in this study are documented sclerotial 
antagonists (17, 31,40). Although Trichoderma spp. were more fi-equently observed as 
sclerotial parasites, the Gliocladium species were more aggressive colonizers of the sclerotia 
of 5. sclerotiorum than were Trichoderma species. Gliocladium isolates typically covered 
the surface of the sclerotial bait completely, whereas Trichoderma isolates invaded small 
areas of the sclerotiiun. Sclerotial baits invaded by Gliocladium spp. examined during the 
soil survey were commonly soft and decayed. In the pathogenicity test a higher mortality 
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rate among G//oc/ac//wm-infected sclerotia probably would have been achieved by increasing 
the length of the incubation period. 
The isolates of Penicillium evaluated in the pathogenicity test were as effective 
mycoparasites as some of the Trichoderma and Gliocladium isolates evaluated. Other 
researchers have also indicated the effectiveness of Penicillium species as sclerotial 
mycoparasites (2, 7, 51). 
Fusarium isolates were detected during the isolation and purification of other 
sclerotial mycoparasites. The Fusaria may play an important role in the ecology of sclerotia 
of Sderotinia sclerotiorum in soil and affect their long-term survival. The pathogenicity test 
showed that a few Fusarium oxysporum isolates were weak antagonists of the sclerotia. 
Other Fusarium species have been reported previously as parasites on the sclerotia of S. 
sclerotiorum (27, 51). 
The detection of these mycoparasites is in agreement with Adams and Ayers (3) 
statement that "the most important component of soil affecting survival of the sclerotia 
appears to be biological". The assay conducted in this study was directed towards the 
discovery of the primary, and/or initial colonizers of the sclerotia of S. sclerotiorum in Iowa 
soils. One function of the sclerotium is long-term, multiyear survival of 5". sclerotiorum (3. 
12). but all sclerotia eventually are utilized as a food source by other microorganisms in the 
soil. 
It is logical to assume that the primary colonizers are not functioning alone in the 
destruction of the sclerotia. Most likely a succession of microorganisms colonize the 
sclerotia and eventually on the earlier colonizers. Because Trichoderma spp., Gliocladium 
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spp.. and Pseudomonas spp., were sometimes co-habitating with S. scleroiivorum and C. 
minitans hyperparasitism may be involved. 
The presence of S. scleroiivorum and C. minitans as natural components of 
agricultural soils in Iowa does not infer that they were native to Iowa prairie soils, but they 
may have been. The plant pathogenic S. sclerotiorum was probably introduced with seeds or 
plants and S. scleroiivorum and C minitans may have been included. Certainly 
Sporiiiesmium scleroiivorum and Coniothyrium minitans are now important components of 
Iowa soils. Further research is needed to maximize their effectiveness as biological control 
agents in an integrated pest management program for control of Sclerotinia stem rot of 
soybean. 
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Figure 3.3. Counties in Iowa that yielded Coniolhyrium minitans from soil samples 
when baited with sclerotia of Sclerotinia sclerotiorum 
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Figure 3.4. Counties in Iowa that yielded Trichoderma spp. from soil samples 
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Figure 3.5. Counties in Iowa that yielded Gliocladium spp. from soil samples 
when baited with sclerotia of Sclerofinia sderoliorum 
Table 3.1. Iowa counties where Sporidemsium sclerotivorum was baited from soil samples with sclerotia of 
Sclerotinia sclerotiorum 
Percentage of sclerotia 
Presence of S. sclerotivorum in soil samples infected by S. 
sclerotivorum in each soil 
County Negative Positive sample 
Black Hawk 8 1 5 
Boone 116 2 12 
Carroll 8 1 6 
Clinton 3 1 78 
Greene 21 1 17 
Harrison 3 1 20 
Iowa 2 1 15 
Kossuth 35 1 11 
Story 72 1 14 
Wapello 3 1 4 
Table 3.2. Iowa counties where Coniothyrium minitam was baited from soil samples with sclerotia of Sclerotinia 
sclerotiorum 
Presence of C. minitans in soil samples Percentage of sclerotia 
infected with C. minitans in 
County Negative Positive sample 
Calhoun 47 1 25 
Chickasaw 3 1 7 
Clinton 8 1 11 
Grundy 12 1 11 
Hancock 0 I 11 
Henry 28 1 7 
Humboldt 1 I 7 
Linn 9 1 5 
Palo Alto 38 1 11 
Sac 3 1 5 
Story 74 1 13 
Worth 20 1 5 
Table 3.3. Prevalence of Trichoderma species in Iowa soil samples using sclerotia of Sclerotinia scleroliorum as 
bait 
Number of counties Number of soil samples Percentage of sclerotia 
where mycoparasite was infected by infected by mycoparasite in 
present mycoparasite each soil sample 
Species 
Trichoderma spp. 13 18 25 
T. hamatum 11 n 7 
Tharzianum 26 44 11 
T.koningii 16 29 11 
T longibrachiatum 4 4 11 
Tpolysporum 10 12 7 
T pseiidokoningii 2 2 7 
T. viride 2 2 5 
Total 35 122 5 
Table 3.4. Prevalence of Gliocladium species in Iowa soil samples using sclerotia of Sclerotinia sclerotiorum as 
bait 
Species 
Gliocladium spp. 
G. roseum 
G. virens 
G. viride 
Number of counties 
where mycoparasite was 
present 
8 
23 
5 
1 
Number of soil samples 
infected by 
mycoparasite 
8 
57 
12 
1 
Percentage of sclerotia 
infected by mycoparasite in 
each soil sample 
9.7 
11.8 
16.2 
8.3 
Total 28 78 12.2 
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Table 3.5. Percentage infection of and viability of sclerotia of Sclerotinia 
sclerotiorum exposed to Iowa isolates of Trichoderma hamatum and T. 
harzianum 
Isolate Percentage of sclerotia 
number Species Infected Dead 
188 Trichoderma hamatum 70 10 
238 T. hamatum 20 0 
001 Trichoderma harzianum 100 10 
004 T. harzianum 80 20 
016 T. harzianum 60 10 
018 T harzianum 60 0 
030 T harzianum 50 0 
035 T. harzianum 90 0 
073 T. harzianum 100 30 
Oil T. harzianum 40 0 
115 T harzianum 20 0 
202 T. harzianum 80 10 
208 T harzianum 40 0 
209 T. harzianum 50 10 
211 T harzianum 20 0 
222 T. harzianum 40 0 
223 T. harzianum 50 10 
225 T. harzianum 10 0 
240 T. harzianum 30 0 
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Table 3.6. Percentage infection of and viability of sclerotia of Sclerotinia 
sclerotiorum exposed to Iowa isolates of Trichoderma koningii, T. 
polysporum, T. viride, and Trichoderma spp. 
Isolate Percentage of sclerotia 
number Species Infected Dead 
002 Trichoderma koningii 80 0 
019 T. koningii 40 0 
022 T. koningii 100 15 
025 T koningii 50 0 
189 T koningii 10 0 
194 T. koningii 80 20 
203 T koningii 70 10 
229 T. koningii 20 0 
230 T. koningii 40 0 
260 T. koningii 0 0 
036 Trichoderma polysporum 30 20 
049 T. polysporum 20 0 
218 T polysporum 60 10 
219 T. polysporum 70 10 
039 Trichoderma viride 100 30 
191 T viride 90 0 
121 Trichoderma spp. 30 0 
192 Trichoderma spp. 80 10 
193 Trichoderma spp. 40 0 
231 Trichoderma spp. 10 0 
246 Trichoderma spp. 30 0 
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Table 3.7. Percentage infection of and viability of sclerotia of Sclerotinia 
sclerotiorum exposed to Iowa isolates of several of Gliocladium species 
Isolate 
number Species 
Percentage of sclerotia 
Infected Dead 
009 Gliocladium roseum 0 0 
014 G. roseum 30 20 
015 G. roseum 60 20 
017 G. roseum 60 20 
021 G. roseum 90 20 
023 G. roseum 20 0 
027 G. roseum 20 0 
028 G. roseum 0 0 
034 G. roseum 60 20 
035 G. roseum 60 10 
072 G. roseum 30 0 
087 G. roseum 100 20 
111 G. roseum 100 40 
117 G. roseum 0 0 
119 G. roseum 10 0 
125 G. roseum 0 0 
127 G. roseum 40 10 
196 G. roseum 0 0 
206 G. roseum 20 10 
215 G. roseum 0 0 
274 G. roseum 80 20 
310 G. roseum 60 0 
006 G. virens 10 10 
007 G. virens 10 0 
056 G. virens 0 0 
058 G. virens 0 0 
071 G. virens 20 20 
190 G. virens 0 0 
224 G. virens 30 30 
003 G. viride 10 20 
029 G. viride 0 0 
024 Gliocladium spp. 60 20 
146 Gliocladium spp. 60 10 
220 Gliocladium spp. 20 0 
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Table 3.8. Percentage infection of and viability of scierotia of Sclerotinia 
sclerotiorum exposed to Iowa isolates of Fusarium spp., Penicillium 
spp. and other unidentified dematiaceous fungi 
Isolate Percentage of scierotia 
number Species Infected Dead 
008 Fusarium solani 40 0 
038 F. solani 0 0 
026 F. solani 10 0 
051 F. solani 0 0 
052 F. solani 0 0 
060 F. solani 0 0 
068 F. solani 10 10 
010 F. oxysporum 70 20 
024 F. oxysporum 50 0 
032 F. oxysporum 40 0 
033 F. oxysporum 30 0 
041 F. oxysporum 70 10 
055 F. oxysporum 30 0 
063 F. oxysporum 20 0 
080 F. oxysporum 50 0 
031 Fusarium sp. 40 10 
040 Fusarium sp. 10 0 
070 Fusarium sp. 0 0 
074 Fusarium sp. 30 0 
227 Fusarium sp. 0 0 
232 Fusarium sp. 20 0 
236 Fusarium sp. 20 0 
037 Penicillium sp. 100 20 
075 Penicillium sp. 100 30 
124 Penicillium sp. 80 0 
237 Penicillium sp. 50 10 
120 Unidentified 0 0 
217 Unidentified 0 0 
226 Unidentified 0 0 
235 Unidentified 30 0 
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CHAPTER IV. EFFECT OF pH, TEMPERATURE, AND OaiCOj 
CONCENTRATION ON GERMINATION OF MACROCONIDIA OF 
SPORIDESMIUM SCLEROTIVORUM 
A paper to be submitted to Plant Disease 
L.E. del Rio, and C.A. Martinson 
A. Abstract 
Sporidesmium sclerotivorum is a haustorial biotrophic mycoparasite of the sclerotia 
of Sclerotinia sclerotiorum. Laboratory experiments were conducted to study the effect of 
pH, temperature and 02:C02 concentrations on the germination of Sporidesmium 
sclerotivorum macroconidia. Live sclerotia of S. sclerotiorum were used as the source of 
stimulus and nutrition for germination of the macroconidia. The optimum pH for 
germination ranged from 5.0 to 6.5 and the optimum temperatures ranged from 20 to SO^C. 
Germination was significantly reduced (P<0.05) by CO2 concentrations higher than 1% 
(v/v). but concentrations of CO2 as high as 6% (v/v) did not suppress it. Reductions in 
oxygen levels from 5 to 1% (v/v) resulted in significant reductions (P<0.05) of germination 
of macroconidia and germ tube growth. S. sclerotivorum tolerated extreme aeration 
conditions expected in most soils, but germination was best at 10 to 20% oxygen 
concentrations. 
B. Introduction 
Sporidesmium sclerotivorum was discovered in 1978 growing on sclerotia of 
Sclerotinia sclerotiorum (Lib.) de Bary in a lettuce field at Beltsville, MD (24). The 
effectiveness of S. sclerotivorum to control S. minor in lettuce (4) and S. sclerotiorum in 
soybean (13. 14) has been reported under field conditions. Significant reductions in disease 
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incidence were achieved, in both studies, with a single soil infestation using macroconidial 
infestation rates as low as two macroconidia/cm^. S. sclerotivorum has been observed in 
many countries around the world (3) including the US (2). The presence of S. sclerotivorum 
in Iowa soils was recently reported (15). 
S. sclerotivorum is considered "a near-obligate mycoparasite" (6) with a host range 
restricted to the sclerotia of several members of the Sclerotiniaceae (21). The fungus can be 
cultured on synthetic media like SM-4 medium (7). 
The macroconidia rarely germinate in water or in the absence of host sclerotia. 
Sporigermin, a non-characterized organic compound associated with the rind cells of 
sclerotia of Sclerotinia sp. has been proposed as the factor that induces germination of 
macroconidia (22). However, some spore germination has been induced by glucose and 
other carbohydrates (8). Macroconidia of S. sclerotivorum function as inoculum and as 
resting structures (5), but the fungus is normally subcultured by mycelial transfers. 
Some environmental requirements for axenic growth of S. sclerotivorum have been 
studied. Ayers et al. (8) determined that hyphal growth of S. sclerotivorum would occur over 
a pH range of 3 to 8 when cultured on a synthetic medium containing glucose. Casamino 
acids and mineral salts. The effect of pH on hyphal growth was measured at 25''C. Bamett 
and Ayers (9) determined that growth of mycelial mats would occur at a temperature range 
of 15 to 30°C when cultured on a synthetic medium containing glucose and glutamine as 
sole sources of carbon and nitrogen, respectively. The medium, supplemented with minor 
elements and thiamine, was buffered at pH 5.3 and colony growth measured after four 
weeks of incubation. Ayers and Adams (5) determined that macroconidia of S. 
sclerotivorum would germinate at a pH range of 3 to 8 when deposited on an autoclaved 
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medium containing sclerotia of S. minor. The medium was incubated at 25''C for 4 to 5 days. 
Ayers et al.(S) studied germination of macroconidia of 5. sclerotivomm on media 
containing ethanolic extracts of sclerotia. 
Prior research on the effect of environmental parameters on conidial germination by 
S. sckrotivorum has utilized synthetic media with added carbohydrates. Soil as a substrate is 
usually devoid of free simple nutrients (19). The effects of the environmental parameters on 
germination of S. sclerotivomm macroconidia have not been investigated in the presence of 
live host tissues, e.g. live sclerotia of S. sclerotiomm. Previous studies did not investigate 
the combined effect of both pH and temperature. Soil conditions of oxygen deficits and of 
excess carbon dioxide have not been investigated for their effects on germination of the 
macroconidia and on germ tube growth. The composition of the soil atmosphere, especially 
carbon dioxide and oxygen concentrations, have direct or indirect effects on spore 
germination and mycelial growth of soil fungi (10, 12, 17, 18). The objective of this study 
was to evaluate the effect of pH. temperature and C02:02 ratio on germination of 
macroconidia of S. sclerotivorum in the presence of live sclerotia of S. scleroiiorum. 
C. Materials and Methods 
Macroconidia and sclerotia production: Sclerotia of S. sclerotiomm were 
produced in a mixture of 60 g of white sand, 3 g of com meal and 16 ml of a 0.1 M sodium 
phosphate buffer at pH 5.5 (S. Mischke, pers. comm.). The medium was placed in 125-ml 
flasks, capped with cotton plug and aluminum foil, and sterilized for 40 minutes at 121"C 
and 15 psi. The following day the compacted medium was stirred with a sterile spatula and 
seeded with a mycelial plug of S. sclerotiomm from a seven day-old culture of 5. 
sclerotiomm growing on potato dextrose agar. After seeding, the medium was incubated at 
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21° C for four weeks with 12-hour fluorescent light daily. Sclerotia were retrieved by 
washing the medium with tap water, were surface disinfested with sodium hypochlorite 
(0.5% a.i.) for one minute, and rinsed with sterile distilled water. Surface disinfested 
sclerotia were used as the sole source of stimulus for germination of Sporidesmium 
sclerotivorum macroconidia. 
Sporidesmium sclerotivorum, isolate CS-5 (USDA-ARS Biocontrol Lab., Beltsville, 
MD) was grown on medium SM-4 with vermiculite (7) for ten weeks at 20°C. The contents 
of one flask was stirred with a sterile spatula, mixed with 100 ml of sterile distilled water, 
and vigorously shaken to suspend the spores. The conidial suspension was filtered through 
three layers of sterile cheesecloth and centrifuged aseptically three times at 10,000 rpm for 
30 minutes. After the third centrifiigation the pellet was suspended in sterile water at a 
concentration of about 6x10'* macroconidia/ml and stored at 4''C. 
pH and temperature experiments: Solutions at 0.2 M of monobasic (NaH2P04) 
and dibasic (Na2HP04) sodium phosphate salts were mixed to produce a series of buffers 
ranging from pH 4.5 to 8.0, at intervals of 0.5 pH units. Twenty-two (a! of each buffer 
solution were mixed with 22 |il of distilled deionized water on a clean microscope cover 
slip. Six ^1 of the conidial suspension were added to each droplet and one sclerotium was 
placed in its center. Eight cover slips, one per pH concentration, were placed in a plastic box 
containing several layers of tissue paper moistened with tap water. The boxes were sealed 
with parafilm to prevent evaporation of the droplets and placed in incubators set at 
temperatures ranging from 10 to 35°C, at 5°C intervals. 
The sclerotium was removed from each droplet after five days of incubation in the 
dark. Germination of macroconidia and length of the germ tube were determined using a 
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bright field microscope. Macroconidia were observed at 250X magnification and germ tubes 
were measured with an eycpiece micrometer. A macroconidium was considered germinated 
whenever a germ tube was visible. Two hundred spores, arbitrarily taken, were read from 
each treatment and replication to estimate germination. Germ tube length was measured on 
50 germinated macroconidia, or all germinated conidia in treatments with fewer than 50 
germinated macroconidia. Average numbers obtained for each treatment and replication 
were used for statistical analysis. This procedure was repeated four times over a period of 
one month for every treatment. Each time was considered a replication. The experiment was 
repeated twice. 
pH and 02:C02 experiments: Droplets were prepared as described above, but using 
distilled water containing 0.2 g of streptomycin sulfate/1. Germination was measured at pH 
5, pH 6, pH 7, and pH 8. Four cover slips (one for each pH) were placed in petri dishes, 
containing several layers of filter paper moistened with tap water, and incubated in 10 1 
plastic vacuum-desiccators. The appropriate atmospheric conditions (Table 4.1) were 
obtained by evacuating the air in the desiccators to -74 cm Hg with a vacuum pump four 
times and replacing it with nitrogen (Ni) each time (Figure 4.1). The desired mixture of 
nitrogen, oxygen and carbon dioxide was formulated using a Hg barometer (Figure 4.1). The 
desiccators were left at -3.8 cm Hg and sealed with parafilm; negative pressure was 
rechecked at end of experiments to confirm stability of atmospheric conditions. Each gas 
treatment was applied to four desiccators at a time and the whole study was repeated once. 
Macroconidial germination and germ tube length were recorded five days after incubation at 
20°C with 12 hours light daily as described. Data fi-om both experiments were combined for 
analysis. No pH measurements were made after the incubation period. 
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D. Results 
pH and temperature experiment: Incubation temperatures of 10 and 35*^0 almost 
completely inhibited germination of S. sclerotivorum macroconidia, regardless of the pH at 
which the spores were incubated. At 15°C, 32% of the spores incubated in buffer at pH 4.5 
had germinated. Higher pH conditions resulted in significantly (P< 0.05) lower germination 
rates (Table 4.2). The highest germination rates were at temperatures ranging from 20 to 
30''C and pH of 5.0 to 6.0 (Figure 4.2). 
Germination rates of spores incubated at temperatures of 20,25 or 30°C was reduced 
by 39% (P< 0.05) when the pH went from 6.0 to 6.5 (Table 4.2). A significant reduction (P< 
0.05) in spore germination was also observed when the pH of the buffer at 20''C increased 
from 6.5 to 7.0. However, no differences were observed when this change in pH occurred 
with spores incubated at 25 or 30°C. No significant changes in germination rates were 
detected when the pH increased from 7.0 to 7.5 at constant temperatures ranging from 20 to 
SO^C. Germination of spores incubated at 20, 25 or 30°C averaged 27% at pH 7.5 (Table 
4.2) At optimum temperatures for germination some spore germination still occurred at pH 
8.0. 
Changes in temperature at constant pH values resulted in significant changes in 
germination rate. Increasing the temperatiu-e from 15 to 20°C resulted in progressive 
increments up to 25 fold in germination of spores incubated at pH 4.5, 5.0,5.5 and 6.0 
(Table 4.2). Larger increments, up to 68 fold, were detected with the same increase in 
temperature when the pH of incubation was between 6.5 and 7.5 (Table 4.2). At pH 8.0, the 
highest germination rate was observed at 30°C. 
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Germ tube lengths varied greatly within treatments specially at high pH conditions 
and are not presented. Occasional bacterial contamination and possibly the proximity of 
spores to the sclerotium probably contributed to the variability. The longest germ tubes 
measured from 25 to 36 ^m and were produced by macroconidia incubated at 20 to 30°C in 
buffer with pH 5.0 to 6.0. Germ tubes produced by macroconidia incubated at 10, 15 and 
35°C were often shorter than 2 ^m in length. 
pH and OjtCOi experiment: Percentage germination of 5. sclerotivorum 
macroconidia was not significantly affected by low concentrations of O2 at low levels of 
CO2 (Table 4.3). Increasing CO2 concentration from 1 to 3% (v/v) reduced the germination 
rate in treatments with pH of 5, but increasing it from I to 6% (v/v) reduced germination (P< 
0.05) of macroconidia incubated at pH 5 and 6 (Table 4.3). 
A greater number of spores germinated when incubated in acidic pH conditions. An 
average of 84% of the conidia incubated in the 20% O2:1 % CO2 treatments at pH 5 and 6 
germinated, compared to an average of 38% germination at the same atmospheric conditions 
but incubated at pH 7 or 8 (Table 4.3). Oxygen concentration was important at pH 7 and 8. 
but at pH 5 and 6 macroconidial germination was essentially the same regardless of O2 
concentration as long as the CO2 concentration was 1% (v/v). 
Higher concentrations of CO2 reduced germination of macroconidia. especially when 
spores were incubated in buffers with acidic pH. Average reductions (P<0.05) of 48.91 and 
60% were detected when carbon dioxide concentrations increased from 1 to 6% (v/v) in the 
presence of 1. 5 and 10% oxygen, respectively (Table 4.3). When spores were incubated at 
pH 6. the reduction (P< 0.05) in germination was 19,39 and 16%, for atmospheres with 1. 5 
and 10% oxygen, respectively. 
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Macroconidia incubated in buffers with alkaline pH were more sensitive to changes 
in oxygen concentration than to changes in carbon dioxide concentrations. Changes in CO: 
concentration had little effect on germination of spores incubated at alkaline conditions. 
When macroconidia were incubated in atmospheres with one percent CO2 
concentration (v/v), reductions in oxygen concentration from 20 to 10% resulted in 
significant increases in germ tube growth (Table 4.4). Germ tube growth was 15.41 and 
55% greater at 10% O2 than 20% O2 when conidia were incubated at pH 5. 6 and 7. 
respectively. The longest germination tubes (ranging from 135 to 158 |am) were produced by 
spores incubated at pH 6 in atmospheres with 5 to 10% oxygen and one percent carbon 
dioxide (Table 4,4). Decreasing O2 concentrations to 5% or 10% had the greatest stimulatory 
effect on germ tube growth compared to 20% O2. 
Germ tube elongation was significantly (P< 0.05) reduced by increasing amounts of 
CO2 when spores were incubated at pH 5,6 and 7. The inhibitory effects of increased CO2 
were less pronounced at alkaline pH values. 
E. Discussion 
Highest germination rates of S. sderotivorum macroconidia occurred between pH 5 
and 6. These results are in agreement with those reported by Ayers et al. (8) who measured 
germination using a complex medium as a substrate. In this study spore germination was 
quantified using sclerotial exudates as the sole source of stimulus for germination. Induction 
of germination of macroconidia of Sporidesmium sderotivorum has been associated with 
nutrients leached firom sclerotia (I I, 16), especially glucose and other carbohydrates (8); and 
to sporigermin, a factor of unknown nature, associated with the sclerotial rind (22). 
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No morphological deformations were observed in the germ tubes in any of the 
treatments in both studies, but microbial activity w£is observed in some droplets incubated at 
30 and 35°C. This microbial activity may have contributed to reduced germ tube elongation 
because germ tubes produced in buffer with streptomycin were much longer. Contaminant 
microbial activity probably had little effect on the germination of macroconidia, because the 
factor that stimulates germination does not seem to be used as food. It can move through soil 
up to 9 mm (5). 
Temperatures ranging from 20 to 30°C provided the best conditions for 
macroconidial germination. Field studies have reported higher mycoparasitic activity at soil 
temperatures within the same range (1). The mycoparasite must be active at temperatures 
below 15°C. because late fall applications of S. sclerotivorum when soil temperatures are 
10"C or less, were more effective than applications early in the next spring before the soil 
warms to 15"C (14). At pH 8 the macroconidial germination rates were as high as 30%. 
although the germ tubes grew slower at acidic pH conditions. However, field studies 
indicate that at pH 7.5 a single soil infestation resulted in significant reductions of 
Scierotinia stem rot of soybeans caused by S. sclerotiorum (14). 
Spore germination and germ tube elongation were significantly reduced, but not 
suppressed completely, when CO2 concentrations increased from 1 to 6%. CO2 
concentrations of 6% could be found in flooded soils (17), or shortly after the incorporation 
of abundant organic matter or animal manures, practices that stimulate microbial activity 
(23). 
O2 concentrations of 5% and 10% increased germ tube elongation compared to 1% 
or 20% O2 concentration, but percentage spore germination was unaffected by O2 
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concentration. The mycoparasite appears to be well suited for soil activity even when O2 
may become limiting for most other microorganisms and plant roots. The increased germ 
tube growth at 5% and 10% O2 compared to 20% O2 can not be explained but it is a benefit 
for a soil borne fungus. One of the advantages of no-tillage practices is the improvement of 
aeration conditions (20) at soil depths greater than 6 inches; higher levels of oxygen at such 
depths could result in better colonization of the soil profile by the mycoparasite. 
This report presents the optimum conditions for S. sclerotivorum macroconidial 
germination and growth, but the mycoparasite can obviously tolerate a wide spectrum of soil 
conditions. When experimenting with S. sclerotivorum as a biocontrol agent outside of the 
optimum conditions of temperature, pH, O2, and CO2, more macroconidia may be needed or 
a longer incubation time (longer rotation away from susceptible crops) required for 
successful biocontrol of Sclerotinia spp. The tropical acidic soils where Sderotinia spp. are 
a problem should be an ideal environment for establishment of this mycoparasite. 
Sporidesmiiim sclerotivorum is also effective in temperate climates (14). 
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Figure 4.2. F.ffect of pH and temperature on germination of Sporidesmium sclerolivorum macroconidia after 
five days of incubation. Bars represent one standard deviation from the mean 
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Table 4.1. Combination of oxygen and carbon dioxide concentrations (percentages) 
evaluated for their effect on germination and germ tube growth of 
macroconidia of Sporidesmium sclerotivorum in-vitro. 
Treatment Percentage Treatment Percentage 
Number Oa.COa number 02:C02 
1 1:1 6 5:6 
2 1:3 7 10:1 
3 1:6 8 10:3 
4 5:1 9 10:6 
5 5:3 10 (control) 20:1 
Table 4.2. Percentage germination of macroconidia of Sporidesmium sclerotivorum in solutions buffered at various 
pH values and temperatures 
Temperature (°C) 
pH 10 15 20 25 30 35 l.s.d, 
4.5 0.3 32.0 73.3 87.3 53.0 0.3 27.6 
5.0 0.5 10.8 92.8 79.3 81.8 0.5 8.7 
5.5 0.3 9.0 92.3 86.0 88.3 1.0 7.6 
6.0 0.3 3.3 83.5 78.8 73.0 0.3 13.3 
6.5 0.0 4.8 54.3 48.5 41.3 0.5 20.8 
7.0 0.0 0.5 19.5 45.0 33.5 0.3 30.1 
7.5 0.0 0.3 20.5 25.8 34.5 0.3 21.1 
8.0 0.0 0.3 1.0 6.3 4.0 0.0 2.0 
l.s.d.^ __ 11.5 25.0 24.3 27.2 0.9 
' Least significant difference (P<0.05) for germination differences among temperatures at designated pH values. 
^ Least significant difference (P<0.05) for germination differences among pH values at designated temperatures. 
Table 4.3. Percentage germination of macroconidia o{Sporkksmium scleralivorum incubated at several oxygen and 
carbon dioxide concentrations in solutions buffered at various pi I values 
pH 
Percentage 
O2: CO2 5.0 6.0 7.0 8.0 l.s.d. 
1 : 1 80.0 72.3 48.3 11.0 6.3 
1 :3 57.3 76.0 46.0 30.3 21.7 
I :6 41.3 58.3 47.3 19.0 15.3 
5 : I 65.3 85.3 54.3 48.0 23.0 
5 : 3  63.3 84.7 62.7 43.0 20.5 
5 : 6  6.0 52.0 66.3 14.3 16.6 
10 :  1  80.0 82.3 74.3 48.3 21.2 
10 :3  63.0 84.0 10.0 36.0 0.0 
10 :6  31.7 69.0 55.0 36.0 29.0 
20 :  1  82.7 85.0 48.3 28.0 19.4 
l.s.d.^ 13.3 11.8 19.9 22.9 
' Least significant difference at (P<0.05) for germination differences among pH values al designated atmosphere 
composition. 
^ Least significant difference at (P<0.05) for germination differences among atmosphere compositions at designated 
pH values. 
Table 4.4. Germ tube length (nm) of macroconidia of Spohdesmiiim sclerotivorum five days after incubation 
at several oxygen and carbon dioxide concentrations in solutions buffered at various pH values. 
pH 
Percentage 
O2: CO2 5.0 6.0 7.0 8.0 l.s.d. 
1 : I 42.5 64.6 7.9 1.3 4.6 
1 :3 32.7 55.8 16.2 2.8 9.4 
I ;6 19.9 27.7 4.8 6.2 6.7 
5 : 1 75.8 135.4 6.0 7.1 9.1 
5 : 3  42.4 143.3 12.8 6.8 16.5 
5 : 6  5.3 25.1 22.3 4.4 3.8 
10 :  1  104.1 157.8 34.6 19.8 11.0 
10 :3  64.9 97.2 20.4 18.1 6.2 
10 :6  32.3 36.7 15.9 17.3 7.7 
20 :  1  90.1 112.2 22.3 2.4 11.4 
l.s.d.^ 8.1 13.7 6.1 2.7 
' Least significant difference at (P<0.05) for germination differences among pH values at designated 
atmosphere composition. 
^ Least significant difference at (P<0.05) for germination differences among pH values at designated 
atmosphere composition. 
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CHAPTER V. BIOLOGICAL CONTROL OF SCLEROTINIA STEM 
ROT OF SOYBEAN WITH SPORIDESMIUM SCLEROTIVORUM 
A paper to be submitted to Plant Disease 
L.E. del Elio, C.A. Martinson, and X.B. Yang 
A. Abstract 
Field studies were conducted to evaluate the effectiveness of Sporidesmium 
sclerotivorum to control Sclerotinia stem rot of soybean (SSR) at Ames, Humboldt and 
Kanawha, Iowa between 1996 and 1998. Experimental plots (3 x 3 m) were infested with S. 
sclerotivorum macroconidia once at a rate of 0,2 or 20 spores/cm" in the fall of 1995 or the 
spring of 1996. using a complete block design with four replications in each location. Plots 
infested with 20 spores/cm" had 60% less SSR (P< 0.05) than control plots at Humboldt in 
1996. No differences were detected between fall and spring applications. In 1998 plots 
treated with either 2 or 20 spores/cm", had 50 to 60% less SSR (P< 0.05) than control plots 
at Ames and Kanawha. In 1998 SSR was completely suppressed in all plots at Humboldt 
while the commercial field surrounding the experimental plots had 17% SSR. S. 
sclerotivorum was retrieved from all infested plots at all locations two years after infestation 
using sclerotia of S. sclerotiorum as bait. At Humboldt S. sclerotivorum was also retrieved 
from control plots. Two larger plots (10 x 10 m) were infested with 20 or 100 spores/cm" in 
the fall of 1996 or spring of 1997 in six commercial fields. SSR incidence which was 
measured in transects up to 20 m from the infested area at 5 m intervals was reduced 50 to 
100% (P< 0.05) in four fields compared to the surrounding uninfested areas in the 
commercial fields. Dispersed of the control agent was evident by the fact that SSR incidence 
gradually increased from the edge of the infested macroplots up to about 10 m into non-
98 
inoculated areas of the commercial field. 
B. Introduction 
Sclerotinia stem rot of soybean (SSR), also called white mold of soybean, is incited 
by the fungus Sclerotinia sclerotiorum (Lib.) de Bary (16). The presence of Sclerotinia was 
detected on soybean in Iowa more them 50 years ago (30). Severe outbreaks of the disease in 
recent years have placed it as the second most devastating disease of soybean in the United 
States (33). Soybean yield reductions due to SSR epidemics represented a loss of more than 
US$ 240 million in 1997 (32). 
S. sclerotiorum survives in the field by means of sclerotia produced in infected 
soybean tissues (21). In or on the soil the sclerotium can germinate the following season, 
producing one to several apothecia (12), or remain dormant for several years (17). Apothecia 
are produced from sclerotia located in the top 5 cm of soil when the soybean canopy closes 
and cool temperatures and high humidity are present (13, 26). Ascospores produced by these 
apothecia constitute the primary inoculum for infection primarily via senescent flower 
tissues (21). 
Sporidesmium sclerotivorum Uecker, Adams et Ayers is a biotrophic haustorial 
mycoparasite that attacks the sclerotia of S. sclerotiorum and other closely related sclerotial 
forming plant pathogens (25,28). The potential of S. sclerotivorum as a biological control 
agent for S. minor Jagger has been documented in the laboratory (3, 8). and in the field for 
control of lettuce drop disease (5, 6). The sclerotia of S. minor germinate myceliogenically 
(7). 
Differences in the epidemiology of lettuce drop and SSR, which contrast direct 
mycelial germination of the sclerotia of S. minor and airborne ascospores for S. sclerotiorum 
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(1 ,4 ,31 ) ,  have  r a i s ed  doub t s  r ega rd ing  t he  e f f ec t i venes s  o f  S. sclerotivorum as a biocontrol 
agent for S. sclerotiorum (20). The purpose of this study was to evaluate the effectiveness of 
S. sclerotivorum as a biological control agent for Sclerotinia sclerotiorum in soybean. 
C. Materials and Methods 
Two types of experiments were performed: multilevel factorial experiments with 
direct control of all operations, and large macroplots established in soybean production 
fields managed with regular production practices. For both experiments applications of S. 
sclerotivorum were made in the fall or the spring after SSR infected soybean crops were 
harvested so S. sclerotivorum had time to colonize sclerotia before the new soybean crop 
were planted. 
Factorial experiments: Factorial experiments were conducted at three locations: the 
Hinds Research farm of Iowa State University (ISU) at the northern edge of Ames, the 
commercial farm of Mr. Phil Naeve at the southern edge of Humboldt, and the ISU Northern 
Iowa Research Farm at the southern edge of Kanawha. 
Sclerotinia stem rot had not been observed at the Ames site prior to this study. At 
Kanawha SSR epidemics had been light and sporadic. At Humboldt a severe SSR epidemic 
occurred in 1995. A two year soybean-corn rotation had been practiced for more than 5 years 
before the establishment of the experimental plots. In 1994 the experimental areas were 
planted to soybean at Humboldt and Kanawha, and to com at Ames. 
Plot preparation: Experimental areas at Ames and Kanawha were chisel-plowed in 
the  fa l l  o f  1994  and  f i e ld  cu l t i va t ed  be fo re  p l an t ing  i n  1995 .  I n  1995  48  squa re  p lo t s  ( 3x3  
m) were established and planted to soybean cv. Williams 82 at 19 cm (Ames) or 38 cm 
(Kanawha) row widths. Each plot was bordered on all sides by four rows of com planted at 
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76 cm apart. The inoculum potential of S. sclerotiorum was enhanced in the Kanawha plots 
and established at Ames site by six measures: a) sclerotia of S. sclerotiorum were spread 
over the plots at a rate of 600 cm Vplot after planting, b) 40 days after planting, 80 plants in 
the center of each plot were stem inoculated by injecting 1 ml of a comminuted hyphal 
suspension from ten-day-old cultures of S. sclerotiorum growing on PDA, c) during 
flowering, soybean plants in all plots were spray-inoculated twice with a suspension of 1.4 x 
lO"* ascospores/ml of S. sclerotiorum, d) sclerotia with apothecia (with soil) were carefully 
transplanted to plot areas to provide 30 apothecia/plot, e) at maturity soybean plants in plots 
were chopped with a rotary lawnmower and the residue was contained in each plot, and f) an 
additional 40 g of fresh sclerotia (about 400 sclerotia) were spread over the soybean residues 
in each plot. 
At Humboldt 48 experimental plots were established in fall 1995 in a soybean field 
severely affected with SSR in 1994 and 1995. Plot areas were 3 x 3 m square with 3 m 
borders. Soybean residues fi-om the borders were raked into the plots, and each plot was 
supplemented with 40 g of additional sclerotia. 
Treatments and experimental design: Three factors were investigated: a) cropping 
sequence, b) amount of S. sclerotivorum macroconidia infested, and c) time of soil 
infestation with S. sclerotivorum. The cropping sequence was either com, soybean, and 
soybean in 1996.1997 and 1998, respectively or soybean all three years in the plot areas. 
Sixteen plots at each site were infested at 2 spores/cm*. 20 spores/cm' or left uninfested 
(control). Half of the infestations were made in fall 1995 after harvest and the remaining half 
in spring 1996. Each experiment was a 2 x 2 x 3 factorial with 4 replications in a nested 
randomized complete block design. 
lOI  
In 1996 the Ames experimental site was briefly covered by flood water in early July. 
Then the site was unintentionally chisel-plowed in fall 1996. Thus, the plot areas were 
reinfested at the original levels of 2 and 20 spores/cm^. Plots infested originally in fall 1995 
were reinfested in fall 1996 and plots infested in spring 1996 were reinfested in spring 1997. 
Inoculum production and soil infestation: Plugs of hyphae from SM-4 agar 
cultures of S. sclerotivorum were seeded into 125-ml flasks containing 30 ml of SM-4 
medium and three g of vermiculite (9). The cultures were incubated for about 10 weeks at 
22''C with 12 hours light daily. The contents of a flask were suspended in 100 ml of distilled 
water and ground in a Waring blender at high speed for 60 seconds. The suspension, which 
included macroconidia, hyphal fragments, and vermiculite, was passed through 20 and 40 
mesh sieves. The concentration of macroconidia was measured with a hemacytometer and 
adjusted to the concentration required for immediate application. The spore suspension was 
sprayed over the soil and crop residues in water at a rate of 560 1/ha using a 14 1 back-pack 
sprayer. The soybean residues and spores were incorporated into the top 5 cm of soil 
immediately after the application of the mycoparasite. using a rototiller. Uninfested control 
plots were rototilled first to avoid inter-plot contamination. Plots infested with the highest 
concentration of Sporidesmium were rototilled last. 
Plot management: The shallow 5-cm rototilling for inoculum incorporation, 
including the control, was the last tillage performed on any plots except for hoeing and the 
unintentional chisel-plowing at the Ames plots in fall 1996. 
In 1996 and 1997 BSR 101, a SSR moderately resistant soybean cultivar, was planted in all 
locations; in 1998 Asgrow 2242, a susceptible variety, was planted. Soybeans were planted 
with 38 cm row widths at Humboldt and Kanawha and 19 cm rows at Ames. In 1996 hybrid 
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field com was planted with 76 cm rows at about 64,000 plants/ha in the experimental plots 
and in the border areas in all locations in both 1996 and 1997. In 1998 the border areas were 
planted with the same soybean cultivar and planting density used in the experimental plots. 
At the end of the 1996 and 1997 seasons, the com was machine-harvested, but the soybean 
plants were mowed in situ, and the soybean residues remained on the plots. In 1998 
soybeans were harvested with a plot combine and yield measured. 
Weeds were controlled primarily by hoeing in all three locations for the duration of 
the study. Glyphosate (Round-Up'^) (2 kg/ha) was sprayed to control emerged weeds 
immediately after planting. Herbicides were not used for weed control at any location in 
1998. 
Assessment of Sclerotinia activity: Disease incidence was evaluated at ten day 
intervals in August and September of each year in all plots planted to soybean. In each plot 
the number of plants and the number of plants with Sclerotinia stem rot were counted in 
three 1-meter row lengths selected arbitrarily through the plot. An average of the three 
readings was obtained and the percentage of diseased plants was calculated. 
Assessments of apothecial formation were made following rain after the plant canopy 
had closed, and continued at seven-day intervals until no newly formed apothecia were 
detected. During assessments the foliage was separated by hand and the soil surface was 
carefully scanned for apothecia. Counts were made of the number of sclerotia producing 
apothecia and number of apothecia per sclerotium for three arbitrary one-meter long x 76 cm 
wide sites per plot. These data, expressed as apothecia or carpogenically germinated 
sclerotia per sq. meter, were considered an estimate of the pathogen's population and 
inoculum potential for disease development. Since apothecia were produced continuously 
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for a few weeks in 1996, an average of all readings was used for analysis and interpretation 
of the results. 
Detection of Sputidesmium in soil: Gnotobiotic, laboratory produced, S. 
sclerotiorum sclerotia were used to bait S. sclerotivorum from soil samples collected at the 
end of the 1996 and 1997 seasons from all plots and locations. Sclerotial baits were 
produced in 125-ml flasks containing a mixture of 60 g white sand, 3 g yellow com meal, 
and 16 ml distilled water, which was autoclaved 40 min at 12rC. Mycelial plugs of 5. 
sclerotiorum were used to seed the sand-corn meal medium after mixing with a sterile 
spatula. The fungus was incubated for four weeks at room temperature with 12 hours light 
daily. Sclerotia were retrieved by wet sieving under running tap water. 
Twelve arbitrary scoops of soil were taken with a hand-trowel from the top 5 cm of 
soil in each plot and blended in a plastic bag. Dried soil from each bag was homogenized by 
passing it through a wire screen with 2x2 mm openings. Homogenized soil samples were 
stored in a cold room at 4°C until the time they were used. 
Two subsamples (about 30 g each) of soil from each plot, were placed in sterile glass 
petri dishes. The sclerotia of S. sclerotiorum were buried in the soil of each subsample. The 
soil was moistened with distilled water to about field capacity, the petri dishes were sealed 
with Parafilm"^ and incubated for four weeks at room temperature in the dark. 
Sclerotia were retrieved from the dishes by wet sieving, surface disinfested in 0.5% 
NaOCl for one minute, and rinsed in sterile distilled water. Disinfested sclerotial baits from 
the same subsample were placed on moist sterile filter paper in one petri dish. The dishes 
were sealed with Parafilm'^, and incubated for four weeks at 20°C under alternating 12-hour 
light and dark periods. The sclerotia were observed microscopically for signs of S. 
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sclerotivorum. 
Air and soil temperatures were collected from weather stations available at Ames and 
Kanawha. The Statistical Analysis Systems (SAS"*) package was used in data analysis. 
Macroplot experiments: Six commercial soybean fields severely affected with SSR 
were selected for macroplot experiments. The fields were located on North Central Iowa 
farms near Conrad (2), Alexander, Nora Springs, Nashua, and Humboldt, lA. The Nashua 
and Humboldt sites were infested with S. sclerotivorum in spring 1996 and were planted to 
soybean in 1996, com (Nashua) and oats (Humboldt)in 1997, and soybean in 1998. The 
Nora Springs site and one Conrad site were infested in fall 1997 and the Alexander and other 
Conrad sites were infested in spring 1997. These latter four sites were planted to com in 
1997 and soybean in 1998. 
Two macroplots of 100 m" (10 x 10 m) were infested with macroconidia in each field 
and the inoculum were incorporated to about 5 cm with a rototiller. The two macroplots 
were separated by at least 35 m distance. Infestation rates were 20 macroconidia/cm* for the 
Humboldt and Nashua macroplots and 100 macroconidia/cm* for the other locations. Stacks 
of washers (about 8 cm tall x 2 cm diameter) were buried at least 15 cm deep at the comers 
of each macroplot, as a semi-permanent boundary markers that would not damage any deep 
tillage equipment. Precise macroplots boundaries were easily reestablished any time later 
with the aid of an electronic metal detector. 
Sclerotinia stem rot incidence was determined in 1998 as the average percentage of 
infected plants in five 1-meter row lengths selected arbitrarily while walking diagonally 
across the macroplot area. Additional SSR incidence readings were taken in transects at 5, 
10.15 and 20 m from the infested plot boundaries in all cardinal directions. Readings made 
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more than 20 meters from the infested plots were considered as representative of the disease 
incidence in the commercial field. Evaluations were commenced when SSR signs and 
symptoms were observed in the field and they continued at two-week intervals until crop 
maturity. 
D. Results 
Factorial experiments. 
Sclerotinia activity: Sclerotinia activity was meassured as SSR incidence. SSR 
epidemics developed in 1996 at the Humboldt and Kanawha sites but not at Ames. A flash 
flood covered the Ames experimental plots in July of 1996 with more than 75 cm of water. 
The first symptoms of SSR were detected in the second half of August at Humboldt and 
Kanawha. The incorporation of S. sclerotivorum resulted in a reduction (P< 0.05) of SSR 
incidence the first year at Humboldt (Table 5.1). Average disease incidence in non-infested 
(control) plots was 9.2%, whereas the average incidence for S. sclerotivorum-infested plots 
was <30% of the incidence for the controls (Table 5.1). No significant differences in disease 
incidence were detected between the low and high infestation rates at Humboldt. 
In 1996 non-infested control plots at Kanawha had an average of 6.7% SSR 
incidence. Although SSR incidence in plots infested with the highest Sporidesmium 
concentration was less than half of the incidence detected in the control plots, the difference 
was not significant (P< 0.05) (Table 5.1). 
In 1997 the weather conditions were not conducive for SSR development at any of 
the three locations used for this study. Daily temperatures were occasionally higher than 
35°C and precipitation after crop canopy closure was not adequate for S. sclerotiorum 
germination. 
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In 1998 weather conditions were conducive for disease development, and SSR 
epidemics developed in all locations. Plots infested with 51 sclerotivorum had significantly 
less disease (P< 0.05) than non-infested plots in Ames and Kanawha (Table 5.1). The 
average SSR incidence in non-infested plots was 17 and 12% for Ames and Kanawha, 
respectively. Plots infested with the highest concentration of S. sclerotivorum had 63 and 
51% less disease than the control plots at Ames and Kanawha, respectively. No significant 
differences in incidence were detected between the 2 and 20 spores/cm* rates of S. 
sclerotivorum macroconidia applicatioa Infested plots had an overall average of 7.9% and 
6% disease incidence at Ames and Kanawha, respectively. 
Very little SSR developed in the experiment at Humboldt in 1998 (Table 5.1). 
However, the commercial field surrounding the experimental area on two sides was planted 
to the same Asgrow 2242 variety. At a distance of 20 meters from the edge of the 
experimental area the average SSR was 17% by the end of the cropping season. 
The time of S. sclerotivorum infestation (in the fall after soybean harvest vs. early the 
next spring) did not significantly affect the control of SSR (Table 5.2). There was a tendency 
at the Ames and Humboldt experiments for fall applications to be more effective than spring 
applications. The one-degree of freedom for time of application limited this analysis. The 
effect of crop rotation to com instead of continuous soybean culture after S. sclerotivorum 
infestation coula not be evaluated in 1997 due to adverse weather conditions that prevented 
the development of SSR. By 1998 there was no significant effect of crop sequence on SSR 
(Table 5.2). 
Apothecia production: The infestation of soil with S. sclerotivorum had no 
significant effect on the number of sclerotia germinating carpogenically at any of the three 
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locations in 1996 (Table 5.3). An overall average of 0.2,2.8, and 4.8 sclerotia/m" produced 
apothecia at Ames, Humboldt, and Kanawha, respectively. In 1997 carpogenic sclerotial 
germination was detected at Ames in August but was minimal. Carpogenic germination of 
sclerotia was not observed at Humboldt in 1997. A few carpogenically germinated sclerotia 
were detected at Kanawha in the last week of August in eight of the 48 plots. Three of them 
were control plots, and three were infested with the highest rates of macroconidia of the 
mycoparasite. 
In the 1998 season plots infested with the highest concentration of S. sclerotivorum 
macroconidia had 55 and 57% fewer (P< 0.05) carpogenically germinated sclerotia at Ames 
and Kanawha, compared to non-infested plots (Table 5.3). Ames plots infested with the 
higher concentrations of S. sclerotivorum macroconidia had 42% fewer germinating sclerotia 
than plots infested with the lower concentration (P< 0.05). 
An average of 39 and 16% reduction in the number of sclerotia producing apothecia 
in 1996 was detected in plots infested with S. sclerotivorum in the fall, compared to spring 
infestation at Humboldt (P< 0.1), and Kanawha (P< 0.09), respectively (Table 5.4). No 
significant differences in sclerotial germination between fall and spring applications of the 
antagonist were detected at Ames in 1996 and 1997. However, in 1998, Ames plots infested 
in the fall had 46% fewer sclerotia producing apothecia than plots infested in the spring. 
Plots planted to com in 1996 had significantly more sclerotia producing apothecia 
than plots planted to soybean at Humboldt and Kanawha (Table 5.4). No significant 
differences between crops for germinating sclerotia were detected at Ames. No effects of 
cropping sequence on number of germinating sclerotia were detected in 1998 at any location. 
The first apothecia in 1996 were detected the first week of August at Ames, and the 
108 
third week of July at Humboldt and Kanawha. New apothecia were produced every week for 
the next five weeks at Humboldt, whereas at Kanawha new apothecia were detected only 
during the third and fifth week after the first sighting. At Humboldt the first apothecia 
observed were produced primarily in plots planted to com and at Kanawha the first two 
observations of apothecia were only in plots planted to com. 
Soil infestation with S. sclerotivorum macroconidia, regardless of the rate of 
infestation, resulted in significantly fewer apothecia/m" (P< 0.05) in all locations in 1996, 
compared to non-infested plots (Table 5.5). From 21 to 60% fewer apothecia were produced 
in plots infested with highest concentration of S. sclerotivorum macroconidia than in 
uninfested plots. Infestation with the higher rate of macroconidia resulted in 28 to 38% 
fewer apothecia/m" (P< 0.05) than plots infested with 2 macroconidia /cm' at Humboldt and 
Kanawha (Table 5.5). 
Although some apothecia were observed in 1997 in the experimental field at Ames, 
infestation of the soil with S. sclerotivorum was not a significant factor (Table 5.5). In 1998, 
Ames plots infested with the higher rate of S. sclerotivorum macroconidia had an average of 
2.4 apothecia/m\ significantly fewer than plots infested at the lower rate, but this average 
was not significantly lower than the number of apothecia produced in uninfested control 
plots (Table 5.5). The infested plots at Kanawha, regardless of the infestation rate had 50% 
fewer apothecia than non-infested plots (Table 5.5). 
Fall infestation of S. sclerotivorum resulted in a 41% reduction in the number of 
apothecia produced at Humboldt in 1996 when compared to the spring application (Table 
5.6). No differences in apothecial production between fall and spring infestation were 
detected in any other location and year. Plots planted to com in 1996 had twice as many 
109 
apothecia/tn" than plots planted to soybean at Humboldt (P< 0.08) and Kanawha (P< 0.01). 
Kanawha plots planted to com had almost five times more apothecia than plots at Humboldt 
(Table 5.6). The cropping sequence did not affect the number of apothecia/m" in 1997 and 
1998 at any location when all plots were planted to soybean. In 1998 Ames plots had almost 
four apothecia per meter compared to 1.1 apothecia produced at Kanawha plots, a 3.5 fold 
difference. The Humboldt plots had no apothecia observed in 1998. 
Sporidesmium activity in soil: At the end of 1996 the uninfested control plots at 
Ames had been contaminated with S. sclerotivorum. An average of 10% of the sclerotial 
baits in the soil samples had been colonized by the mycoparasite. At the end of the 1997 
season and after reinfesting plots with S. sclerotivorum macroconidia in fall 1996 and spring 
1997. five times more sclerotial baits were colonized by S. sclerotivorum in samples from 
plots reinfested with the higher concentration of Sporidesmium than baits from non-infested 
plots (Table 5.7). The plots reinfested with 2 spores/cm* had 2.7 fold more sclerotia 
parasitized by S. sclerotivorum than the control plots. 
All control plots at Humboldt were heavily infested with the mycoparasite by the end 
of 1996 (Table 5.7). An average of 30% of the sclerotia baited to samples from these plots 
yielded Sporidesmium. By the end of 1997, the average of colonized sclerotia was 35%. No 
differences were detected among levels of initial infestation. 
The experiment at Kanawha was the only experiment where non-infested control 
plots remained essentially free of detectable S. sclerotivorum through fall 1997 (Table 5.7). 
The rate of bait infection related directly to the amount of 5. sclerotivorum macroconidia 
originally infested into the plots. Plots infested with 20 spores/cm* of soil yielded almost 1.5 
X more (P< 0.05) infected sclerotial baits than sclerotia baited to samples from plots infested 
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with 2 spores/cm^ (Table 5.7). The data are not presented but cropping sequence and fall vs. 
spring macroconidia infestation had no effect on the rate of S. sclerotivorum recovery by 
baiting, regardless of the experimental site. 
Macroplot experiments. 
SSR epidemics developed in 1998 in five of the six fields with macroplots. Weather 
conditions were not conducive for disease development at Nashua. In four of these five 
experiments developing SSR significant reductions in SSR incidence ranging from 56 to 
100% were detected in relation to the average incidence over 20 m beyond the infested area 
in the commercial fields (Table 5.8). Disease incidence 5 m beyond the border of infestation 
at Conrad 1 and Humboldt fields was no different from the incidence of SSR observed 
within the macroplot. But the incidence of SSR at 5 m from the infested areas at these two 
sites was significantly less than that observed 10 m firom the edge of the infested area (Table 
5.8). Average SSR incidence at Alexander and Nora Springs was significantly lower within 
the infested area than 5 m beyond the border of infestation. The incidence of SSR 15 and 20 
m beyond the border of the area infested with 5. sclerotivorum macroconidia (data not 
shown) was essentially the same as any readings made farther than 20 m beyond the 
macroplot borders. The Nora Springs field was rented in 1998 to a seed company and was 
used to screen soybean varieties for resistance to SSR. Therefore, different varieties were 
planted in and around the infested areas. The farmer had also constructed ridges in the field 
for ridge-till management. 
Despite this situation, a significant reduction in disease incidence was detected when 
comparing the infested area with areas 5 m beyond the border of infestation (Table 5.8). 
I l l  
E. Discussion 
The incorporation of Sporidesmium sclerotivorum macroconidia resulted in 71% 
reduction of SSR incidence in the next crop following the soil infestation when compared to 
non-infested plots at Humboldt. This immediate level of control was unexpected, but 
probably indicates the inoculum was mixed well in the upper 5 cm of soil. Two years later 
SSR incidence in non-infested plots was 2X to 3X that of plots infested with the 
mycoparasite at a rate of either 2 or 20 spores/cm^ of soil. Similar levels of control of 5. 
minor in lettuce were reached by S. sclerotivorum infestation after two or three cropping 
seasons (6). 
The macroplots in farmer's fields, some of which were infested at 100 
macroconidia/cm", provided nearly 100% disease control in some instances. The macroplots 
at Humboldt, which were infested at 20 macroconidia/cm" were disease free, yet the area 
beyond the plots had a SSR incidence of 15%. The factorial experiment at Humboldt was 
considered a failure because S. sclerotivorum spread into the control plots during the first 
season. Only traces of SSR were observed within the nearly 1500 m* experimental area in 
1998. yet outside of the experimental area in the same field the SSR incidence was 17%. The 
experimental area at Humboldt was essentially a 1500 m* macroplot and a success. 
According to Adams and Fravel (6), the aggregated pattem and the high sclerotial 
population density of S. minor in the soil contributed to the fast spread of the mycoparasite. 
In this study the sclerotial population density was approximately 40 sclerotia of S. 
sclerotiorum/m'. Other researchers have found as many as 8 sclerotia per liter of soil (Grau. 
pers. comm.), or 40 apothecia per square meter (14). Sclerotia of S. sclerotiorum are 
aggregated in the soil (15). A model that relates the energy stored in a host ie. sclerotia, to 
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growth of the parasite feeding on them was recently proposed by Stolk et al. (27). According 
to this model, the larger mass of the sclerotia of S. sclerotiorum may provide more energy 
for the mycoparasite to grow over larger areas of soil than the smaller sclerotia of S. minor. 
This additional energy could compensate for the lower sclerotial populations of S. 
sclerotiorum in the soil. 
Fall application of the mycoparasite resulted in fewer sclerotia germinating 
carpogenically and in fewer apothecia per square meter at Humboldt in the season following 
the soil infestation. This difference disappeared by 1998. It seems logical that earlier soil 
infestation will provide more time for the mycoparasite to get established in the soil thereby 
increasing the possibility of significant reductions of disease incidence in the following 
season. According to Stolk et al. (27), once the parasite is established in the soil, the most 
important factor driving the growth of the population is the availability of food rather than 
the concentration at which the parasite is present at the beginning of the season. In many 
instances infesting 2 macroconidia/cm' of soil appeared to be equal in effectiveness as 
adding 20 macroconidia/cm". Availability of a sclerotial food source and thorough mixing of 
the soil may have been more important than dosage of the biocontrol agent. 
The use of a crop sequence system that alternates soybean and com (or two com 
crops between soybeans) should provide the critical time for the mycoparasite to get 
established in the field before its impact on the sclerotial populations is reflected in a 
subsequent soybean planting. This study indicates that significant reductions in SSR was 
observed in nearly all locations two years after the infestation of the plots with macroconidia 
of S. sclerotivorum. 
The complete suppression of SSR in the factorial experiment at Humboldt two years 
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after the initial soil infestation with S. sclerotivorum was evidently due to interplot spread of 
the mycoparasite. Plots at the Humboldt experimental site had a pH of 6.4 on average 
compared to 6.7 at Hinds. Half of the plots at Kanawha had a pH 7.0 and the other half a pH 
6.5. replications were blocked following pH gradient. S. sclerotivorum grows better in acidic 
pH conditions (11). The possibility of indigenous populations of the mycoparasite present in 
the experimental field is rather slim, because S. sclerotivorum was not retrieved fi-om soil 
samples from the commercial field surrounding the experimental area at Humboldt (19). 
Manual weed control conducted frequently during the 1996 and 1997 seasons may have 
contributed to the spread of soil. The experimental site at Humboldt was selected because it 
had a history of high incidence of Sclerotinia stem rot and the alleys between plots were also 
infested with sclerotia of S. sclerotiorum. These sclerotia may have been used as bridges for 
spread of 5. sclerotivorum into non-infested areas. The experimental area at Humboldt had a 
gentle slope. The prolonged heavy rains of 1996 probably allowed sporulation on infected 
sclerotia and washed macroconidia of S. sclerotivorum from infested plots to uninfested 
plots. 
Extensive soil baiting was conducted at the end of the 1996 and 1997 seasons to 
determine if the mycoparasitic S. sclerotivorum was still active in the soil. 5. sclerotivorum, 
was easily baited from the soils and it appeared its population increased over the two years 
after infestation. Many microorganisms including Coniothyrium minitans, Trichoderma spp. 
and Sporidesmium were also retrieved. Fungi parasitic on Sporidesmium, like Laterispora 
brevirama Uecker. Adams et Ayers, that are frequently associated with indigenous 
populations of Sporidesmium (10) were not retrieved. 
Although infestation of S. sclerotivorum was associated with significant reductions 
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in the number of sclerotia producing apothecia, number of apothecia produced, and the 
reduction in SSR incidence in the 1998 season, no significant yield reductions were 
measured among treatments at any location. SSR developed late in the season in 1998 and 
the incidence was 20% or less, making it unlikely that S. sclerotiorum would have a yield 
impact. 
The factorial experiment showed evidence of S. sclerotiorum inoculum spreading 
from border areas and interplot interference. The importance of outside inoculum coming 
into experimental plots is influenced by many physical and biological factors and turn the 
question "How far can a spore travel without losing its viability?" into a difficult one to 
answer. Many distances have been proposed for dissemination of ascospores of S. 
sclerotiorum ranging from less than a meter to several hundred or even thousands of meters 
(2, 14. 29). Whatever the effective distance is, it is evident that small experimental plots 
have a high probability of suffering interference from outside inoculum. The detection of 
what seemed to be a disease gradient of 5 to 10 m away from the macroplots confirms our 
suspicion that in order to be able to detect yield differences among treatments and reduce 
interplot interference, plots larger than the 9 m^ plots used in our factorial experiments will 
be required. The 100 m" macroplots may not be adequate if large numbers of ascospores can 
be transported up to 80 meters as demonstrated by Wegulo (29). 
The isolate of 5. sclerotivorum used for this study is sensitive to alkaline pH (18). 
The detection of other S. sclerotivorum isolates in Iowa (19) opens the possibility of finding 
isolates better adapted to the characteristics of Iowa soils. 
The potential of 5. sclerotivorum as a biocontrol agent for Sclerotinia stem rot of 
soybean was demonstrated. However there are some limitations to its development as a 
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commercially applied biocontroi agent. The most obvious limitation is the lack of a 
procedure to produce commercial quantities of inoculum of the mycoparasite. S. 
sclerotivonm is very fastidious to grow in artificial medium and its macroconidia will 
germinate only in the presence of host sclerotia. The inoculum used in these studies was 
produced in SM-4 medium (9). This medium yielded 1.11 x 10' macroconidia/g of wet 
medium after 10 weeks of incubation, instead of the 10' spores/g estimated by Adams and 
Fravel (6). Perhaps a longer incubation time may result in a higher yield, but at the present 
rate it would be necessary to produce 18 kg of inoculum to infest one hectare at 20 
macroconidia/cm\ If the 2 spores/cm" rate would be adequate, this would reduce inoculum 
requirements to 1.8 kg/ha. Should it be possible to produce 10*^ macroconidia/g of medium, 
then a hectare could be infested at the 2 spores/cm* level with only seven 125-ml flasks of 
inoculum. 
The detection of indigenous isolates in Iowa (19) may ease registration of 5'. 
sderotivorum as a biocontroi agent. However information on the toxicology of S. 
scleralivorum is required (23). The use of Sporidesmium sclerotivonm in combination with 
other sclerotial mycoparasites that are more easily cultured in artificial media, like 
Coniothyrium minitans (24) should be addressed in the future. The data collected in these 
experiments illustrate the potential for S. sderotivorum to become a very effective agent for 
biocontroi of Sclerotinia stem rot of soybean in Iowa. Suppression of S. sclerotiorum has 
also been observed in the field (22). 
Two outstanding traits associated with S. sderotivorum may ironically harm its 
chances of being commercially developed. The fungus is a very aggressive colonizer of 
sclerotia in soil and produces numerous new macroconidia on the sclerotia (8). The 
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mycoparasite survives well in the soil and remains active years after a single infestation 
event, thereby rendering suppressiveness in the soil. A single infestation may provide many 
years of disease control, a trait that may not foster repeat customers. This report is the first 
one describing the biocontrol of a disease on field crops that may be employed 
economically. 
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Table 5.1. Sclerotinia stem rot incidence in 1996 and 1998 in plots infested with two concentrations of Sporidesmium 
sclerolivorum macroconidia at three Iowa locations 
Sclerotinia stem rot incidence (%) 
Infestation levels in 
spores/cm Ames 
1996 
Humboldt Kanawha Ames 
1998 
Humboldt Kanawha 
0 
2 
20 
9.2 b^ 
I.8a 
3.5 a 
6.7 a 
6.7 a 
3.6 a 
17.1 b 
9.5 a 
6.3 a 
0.2 a 
0.3 a 
0.1 a 
11.9 b 
6.2 a 
5.8 a 
' No disease was detected in 1996. 
^ Values in a column followed by the same letter are not significantly different (P<0.05). Values are average of 16 
observations. 
Table 5.2. Effect of the time of soil infestation with macroconidia of Sporidesmiwn sclerotivonan and two cropping 
sequence systems on the incidence of Sclerolinia stem rot of soybean (caused by S. sclerotiorum) in 1996 and 
1998 at three Iowa locations 
Sclerotinia stem rot incidence (%) 
1996 1998 
Infestation levels in 
spores/cm^ Ames"* Humboldt Kanawha Ames Humboldt Kanawha 
Time of infestation 
Fall 1995 
Spring 1996 -- 7.0 a 3.9 a 13.1 a 0.2 a 7.2 a 
4.4 a^ 5.8 a 8.9 a 0.2 a 8.7 a 
Crop sequence 
Soy-soy-soy^ -- 5.7 4.9 11.9 a 0.2 a 8.3 a 
Com-soy-soy -- -- - 10.0 a 0.2 a 7.6 a 
' No disease detected in 1996. 
^ Values in a column followed by the same letter are not significantly different (P<0.05). 
^ Crop sequence for corn and soybean in 1996, 1997, and 1998 after soybean in 1995. 
'' Ames plots were reinfested in Fall 1996 and Spring 1997. 
Table 5.3. Effect of soil infestation with two concentrations of Sporidesmium sclerotivorum macroconidia on the number 
of carpogenically-germinated sclerotia of Sclerolinia sclerotiorum at three Iowa locations 
Number of germinating sclerotia/m^ 
1996 1997 1998' 
Infestation levels in 
spores/cm^ Ames Humboldt Kanawha Ames Ames Kanawha 
0 0.3 a^ 2.9 a 5.3 a 0.2 a 3.3 a 1.4 a 
2 0.2 a 3.1 a 5.2 a 0.2 a 2.6 b 0.7 b 
20 0.2 a 2.4 a 3.8 a 0.1 a 1.5 c 0.6 b 
' No apothecial production was observed at Humboldt in 1998. 
^ Values in a column followed by the same letter are not significantly different (P<0.05). Values are average of 16 
observations. 
Table 5.4. Effect of time of soil infestation with Sporidesmium sclerotivonim macroconidia and two cropping sequence 
systems on the number of carpogenically-germinating sclerotia of Sclerolinia scleroiionim at three Iowa 
locations 
Number of germinating sclerotia/m^ 
1996 1997' 1998' 
Factor Ames Humboldt Kanawha Ames Ames Kanawha 
Time of infestation 
Fall 1995 
Spring 1996 
Significance 
Crop sequence^ 
Soy-soy-soy 
Com-soy-soy 
0.3 
0.2 
N.S. 
0.2 
0.3 
2.1 
3.4 
0.10 
2.2 
4.3 
4.4 
5.2 
0.09 
4.7 
7.3 
0.3 
0.4 
N.S. 
0.2 
0.2 
1.7 
3.2 
0.05 
2.7 
2.3 
0.8 
1.0 
N.S. 
1.1 
0.7 
Significance N.S. 0.02 0.01 N.S. N.S. N.S. 
' No apothecia were observed at Humboldt and Kanawha in 1997 and Humboldt in 1998. 
^ Ames plots were reinfested in Fall 1996 and Spring 1997. 
^ Crop sequence for com and soybean in 1996, 1997, and 1998 after soybean in 1995. 
Table 5.5. Effect of soil infestation with two concentrations of Sporidesmium sclerotivorum macroconidia on the number 
of apothecia of Sclerotinia sclerotiorum produced at three Iowa locations 
Number of apothecia /m^ 
1996 1997' 1998' 
Infestation levels in 
spores/cm^ Ames Humboldt Kanawha Ames Ames Kanawha 
0 1.0 5.1 a 19.0 a 0.4 a 4.0 ab 1.8a 
2 0.5 b 6.5 a 16.9 b 0.5 a 5.6 a 0.8 b 
20 0.4 b 4.0 b 12.1 c 0.1 a 2.4 b 0.9 b 
' No apothecia! production was observed at Humboldt and Kanawha in 1997. No apothecial production was observed at 
Humboldt in 1998. 
^ Values in a column followed by the same letter are not significantly different (P<0.05). Values are average of 16 
observations. 
Table 5.6. Effect of time of soil infestation with Sporkiesmium sclerotivoi um macroconidia and two cropping sequence 
systems on the number of apothecia of Sclerolinia sclerotioriim produced at three Iowa locations 
Number of apothecia/m^ 
1996 1997' 1998' 
Factor Ames^ Humboldt Kanawha Ames^ Ames^ Kanawha 
Time of infestation 
Fall 1995 0.6 
Spring 1996 0.7 
Significance N.S. 
Crop sequence^ 
Soy-soy-soy 0.5 
Com-soy-soy 0.8 
Significance N.S. 
4.0 
6.7 
15.4 
16.6 
0.3 
0.4 
5.1 
2.9 
1.2 
1.1 
0.08 N.S. N.S. N.S. N.S. 
2.2 
4.3 
10.4 
21.6 
0.3 
0.4 
4.0 
4.0 
0.9 
1.4 
0.08 0.01 N.S. N.S. N.S. 
' No apothecia were observed at Humboldt and Kanawha in 1997 and Humboldt in 1998. 
" Ames plots were reinfested in Fall 1996 and Spring 1997. 
^ Crop sequence for corn and soybean in 1996, 1997, and 1998 after soybean in 1995. 
Table 5.7. Percentage of sclerotia of Sclerolinia sderotiorum colonized by Sporidesmium sderotivorum after four weeks 
of incubation in samples from soils of three Iowa locations, previously infested with two concentrations of 
Sporidesmium sderotivorum macroconidia 
Percentage of sclerotial baits colonized by S. sderotivorum 
Infestation levels in 
Ames Humboldt Kanawha 
spores/cm^ 1996 1997 1996 1997 1996 1997 
0 12.8 a' 5.1 a 30.3 a 38.3 a 0.4 a 0.0 a 
2 5.7 a 13.9 b 19.1 a 33.3 a 11.2b 20.4 b 
20 11.3a 25.8 c 36.1 a 35.2 a 18.1 c 30.5 c 
' Values in a column followed by the same letter are not significantly different (P<0.05). Values are average of 16 
observations. 
Table 5.8. Incidence of Sclerolinia stein rot in commercial soybean fields in 1998 where 100 square meter 
macroplots within the fields were infested with macroconidia of Sporidesmium sclerotivorum one or 
two years earlier 
Sclerotinia stem rot incidence (%) 
Location 
Time of 
infestation Infested area 
Distance from infested area 
5 meters 10 meters 
Commercial 
field^ 
Humboldt Spring 96 0.0 a' 2.7 a 10.8 b 15.0 b 
Nashua Spring 96 0.0 a 0.0 a 0.0 a 0.2 a 
Alexander Spring 97 1.1 a 7.6 b 11.6c 10.5 c 
Conrad 2 Spring 97 7.3 a 9.2 a 9.0 a 9.0 a 
Conrad 1 Fall 96 0.0 a 0.7 a 5.8 b 5.6 b 
Nora Springs Fall 96 3.1 a 7.1 b 7.0 b 7.1 b 
' Values for a location followed by the same letter are not significantly different (P<0.05). 
^ Incidence of SSR greater than 20 m from the border of the infested macroplots. 
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CHAPTER VI. CONCLUSIONS 
This dissertation has demonstrated the potential of Sporidesmium sclerotivorum as a 
biocontrol agent of the sclerotia of Sclerotinia sclerotiorum, causal agent of Sclerotinia stem 
rot of soybean. Significant disease reductions were observed the season following a single 
soil infestation event with Sporidesmium sclerotivorum, at doses of 2 and 20 spores/cm" of 
soil. The mycoparasite was not only established in the experimental plots at all three 
locations and concentrations, but in two experiments it spread into uninfested areas. S. 
sclerotivorum remained active in the soil at least two years after soil infestation. The lack of 
correspondence between reductions in disease incidence and increments in soybean yields, 
and the presence of an incipient disease gradient found when larger plots were infested with 
5. sclerotivorum, indicates the necessity of using larger plots to investigate the economics of 
the use of this mycoparasite. The very successful control of SSR of soybean in macroplots in 
commercial soybean fields was encouraging. This is the first effective biological control of a 
field crop disease that seems to be within the realm of economic feasibility. 
Optimum conditions for germination of Sporidesmium sclerotivorum macroconidia 
occur at 5.0 to 6.5 pH, although more than 20% germination can be expected at moderately 
alkaline soil conditions (pH 7.5). Optimum temperature for macroconidia germination 
ranges from 20 to 30°C, but up to 32% germination was detected at 15°C. Almost no 
germination was observed at 10 and 35°C. However since germination was read after five 
days of incubation, the effect of longer incubation periods at these temperatures is still to be 
elucidated. Field studies indicated the possibility of significant differences, although with 
less than 95% confidence, between fall and spring soil infestation. This suggests that the 
mycoparasite may be active at temperatures lower than 20°C. 
128 
High CO2 concentrations (3 to 6% v/v) significantly reduced germination (P<0.05), 
but did not suppress it completely. Germination percentages higher than 70% were detected 
when O2 concentrations were as low as 1% (v/v) but the spores were incubated in acidic pK 
conditions. Germination increased significantly when oxygen concentration increased to 10 
and 20% (v/v). Germ tube growth was more sensitive to changes in O2 and CO2. Low 
oxygen and/or high CO2 concentrations significantly reduced growth of germ tubes. These 
resuhs indicate that higher parasitic activity should be expected in well aerated soils. It is 
also an indication of the resiliency of the mycoparasite. 
The occurrence of Sporidesmium sclerotivorum in Iowa soils suggests that the 
parasite may be indigenous to this area. This will ease the process of registration of S. 
sclerotivorum as a biocontrol agent in Iowa and stimulate the research necessary to evaluate 
the economics and consistency of controlling S. sclerotiorum with S. sclerotivorum. The 
isolation and purification of these S. sclerotivorum isolates may provide candidates with 
better adaptation to the characteristics and conditions of Iowa soils. Further research is 
necessary to evaluate the use of other sclerotial mycoparasites, like Coniothyrium minitans. 
in mixtures with 5. sclerotivorum as a means to reduce SSR incidence in a shorter time 
frame. Development of a mass production system should also be investigated to take 
advantage of the parasitic ability of S. sclerotivorum. 
This dissertation provides the first report on the presence of Coniothyrium minitans 
and Sporidesmium sclerotivorum, in Iowa soils. It also reports for the first time the parasitic 
association of Trichodermapolysporum with the sclerotia of S. sclerotiorum. 
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